THE JOURNAL 


OF 


ILDLIFE 


MANAGEMEN 


JANUARY 1942 


Vol. 6 


No. 1 


{ 
| | 
vie 
tx 


CONTENTS 


STUDIES OF THE SUMMER Foop, GrRowTH, AND MOVEMENTS OF YouNG 
YELLOW PIKE-PERCH, STIZOSTEDION V. VITREUM, IN ONEIDA Lakg, 
New York... Edward C. Raney and Ernest A. Lachner 


INFLUENCE OF RAINFALL AND SOIL ON HUNGARIAN PARTRIDGES AND 
PHEASANTS IN SOUTHEASTERN MICHIGAN Fred H. Dale 


ANALYsIs OF Losses IN THE NEsTING OF Birps....S. Charles Kendeigh 


Tue Deer oF ALLEGANY StTaTE Park, New YORK 
Albert R. Shadle and Donald Stullken 


Use oF Den Boxes IN WILDLIFE RESTORATION ON INTENSIVELY FARMED 
Robert E. Hesselschwerdt 


A MeEtTuHop FoR WILDLIFE MANAGEMENT MAPPING IN FORESTED AREAS.... 
William L. Webb 


PoTENTIAL WILDLIFE HABITAT ON THE ILLINOIS PRAIRIE AND SOME PRops- 
LEMS OF REsTORATION....Charles S. Spooner, Jr. and Lee E. Yeager 


ERRATA 


THE SUSCEPTIBILITY OF SAGE GROUSE TO STRYCHNINE 
Justus C. Ward, Malcolm Martin, and Warren Allred 


THE SuMMER Foop AND Habits OF THE CHAIN PICKEREL (ESOX NIGER) OF 
A SMALL New York Ponp Edward C. Raney 


Notes ON A METHOD FOR CENSUSING SNOWSHOE HARE POPULATIONS 
William L. Webb 


THE SUBSTITUTION OF HARD SEEDs FOR GRIT 
James Beer and Wayne Tidyman 


An ANALYSIS OF WATERFOWL HuntTING aT LAKE CARL BLACKWELL, PAYNE 
County, OKLAHOMA, FoR 1940 F. M. Baumgartner 


BRIEF CONTRIBUTIONS 
OBITUARY 


REVIEW 


THE JOURNAL OF WILDLIFE MANAGEMENT is published four times a year in 
January, April, July, and October at 450 Ahnaip St., Menasha, Wisconsin, by 
The Wildlife Society. 

Subscription $3.00 a year. Single copies 75¢. Entered as second class matter July 
12, 1937, at the post office at Menasha, Wisconsin, under the Act of March 3, 1879. 


: 
1 
38 
44 
4 
55 
58 
3 
ay, 
nd 


THE JOURNAL OF WILDLIFE MANAGEMENT 


VoLuME 6 


JANUARY 1942 


NuMBER 1 


STUDIES OF THE SUMMER FOOD, GROWTH, AND 
MOVEMENTS OF YOUNG YELLOW PIKE-PERCH, 


STIZOSTEDION V. VITREUM, IN 
ONEIDA LAKE, NEW YORK’ 


The yellow pike-perch is a very im- 
portant game fish in Oneida Lake and 
in numerous other large lakes and rivers 
of New York. In the Great Lakes, es- 
pecially Lake Erie, both this species and 
the more limited, blue pike-perch (Sti- 
zostedion vitreum glaucum) are of con- 
siderable commercial importance. For 
many years the New York State Con- 
servation Department has maintained 
a hatchery on Scriba Creek near Oneida 
Lake at Constantia, New York, and has 
taken eggs from the yellow pike-perch 
which run up to spawn. In order to bet- 
ter distribute the products of this hatch- 
ery, the Department sponsored the 
present study of the life history of the 
yellow pike-perch. The field work was 
begun in early July, 1940 under the 
immediate superivsion of A. P. Miller. 
R. E. James was in active charge of the 
field collecting and kept detailed notes 
that have been utilized freely in this 
paper. Actual intensive seining opera- 
tions did not begin until July 2. Thus, a 
gap is left in our knowledge as to the 
food of the smaller specimens, since the 
young pike-perch had reached a total 


1 The fishes and field notes upon which this 
paper is based were supplied through the 
courtesy of the New York State Conserva- 
tion Department. 


Edward C. Raney and Ernest A. Lachner 


length of nearly two inches by July 1. 
However, it is hoped that the investiga- 
tion will be carried on through the win- 
ter and spring so that a fairly complete 
picture of the food may be obtained. 
The young pike-perch were collected 
by seining along shore. Most of them 
were taken with a 100-foot seine, but 
smaller nets (10 to 20 feet) were used 
occasionally in weedy situations. Fairly 
regular collecting trips were made about 
the lake during July and August. Each 
locality was seined at intervals of about 
two weeks. A few gill net sets were made 
for large pike-perch, but the majority of 
the larger specimens were also col- 
lected in the seining operations. A sam- 
ple of the young pike-perch was saved 
from each of 72 collections. The number 
of specimens saved varied from 1 or 2 in 
localities where many hauls were made 
without catching additional specimens 
to as many as 35 at places where several 
times this number were caught. The 
average number retained per locality 
was 8.6. The specimens were preserved 
in 10 per cent formalin until examined. 


METHOD oF ANALYSIS 


The standard length measured to the 
posterior end of the hypural, and the 
total length of each specimen were 
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taken. Each stomach was opened and 
the contents emptied into a watch glass. 
The organisms were sorted, identified, 
and counted, and the volume of each 


stomach. Many unidentifiable fish re. 
mains were found, including vertebrae, 
fin rays, or strands of muscle. No at. 
tempt was made to analyze the contents 


TABLE 1 


FOOD OF 495 YOUNG YELLOW PIKE-PERCH TAKEN FROM JULY 2 To 
OCTOBER 24, 1940, IN ONEIDA LAKE, N. Y. 


Number of Percentage, Percentage 
stomachs |of stomachs. of the vol- 
Food item in which | in which | ume (esti- 
item was | the item | mated) of 
found was found | all food 
Fishes 460 92.9 92.9 
(Perches and darters, Percidae) 
Johnny darter (Boleosoma nigrum olmstedt) 90 18.2 16.2 
Yellow perch (Perca flavescens) 53 10.7 10.4 
Log-perch (Percina caprodes semtfasciata) 4 0.8 0.7 
Percidae 6 1.2 1.0 
(Basses and Sunfishes, Centrarchidae) 
Common Sunfish (Lepomis gibbosus) 80 16.2 13.8 
Large-mouthed bass (Huro salmoides) 10 2.0 2.0 
Small-mouthed bass (Micropterus d. dolomieu) 2 0.4 0.4 
Centrarchidae 7 1.4 0.6 
(Minnows, Cyprinidae) 
Buckeye shiner (Notropis a. atherinoides) 11 2.2 2.1 
Spot-tailed shiner (Notropis h. hudsonius) 3 0.6 0.4 
Golden shiner (Notemigonus c. crysoleucas) 5 1.0 1.0 
Black-nosed dace (Rhinichthys a. atratulus) 1 0.2 0.2 
Fallfish (Leucosomus corporalis) 1 0.2 0.1 
Cyprinidae 41 8.3 7.4 
(Killifishes, Cyprinodontidae) 
Banded killifish (Fundulus d. diaphanus) 16 3.2 2.4 
(Suckers, Catostomidae) 
Common sucker (Catostomus c. commersonii) 2 0.4 0.1 
Unidentified fish remains 223 47.1 34.1 
Invertebrates 
Insects 46 9.3 3.7 
Caddis flies, Trichoptera 17 3.4 1.1 
Mayflies, Ephemeroptera 10 2.0 0.3 
Midges, Diptera 4 0.8 0.4 
Unidentified insect remains 21 4.2 1.9 
Crustaceans 21 4.2 2.7 
Copepoda 13 2.6 2.4 
Water fleas, Cladocera 3 0.6 0.2 
Scuds, Amphipoda 5 1.6 0.1 
Snails, Mollusca 4 0.8 0.3 
Plants 5 1.0 0.4 


was carefully estimated. When possible, 
the standard length of each fish in the 
food was noted. Occasionally a partly 
regurgitated specimen was found in the 
mouth or upper esophagus; it was 
counted the same as if it had been in the 


of the intestines. The larger specimens 
were aged by scale examination. The 
terms “young” or “juvenile” apply to 
fishes in their first and second summers, 
respectively. The term, adults, includes 
all others. 
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Foop OF THE YOUNG 


An analysis of the stomach contents 
of 495 stomachs of pike-perch in their 
first summer is presented in Table 1. 
Of the 620 stomachs opened, 125 (20.1 
per cent) were empty. It has already 
been mentioned and should be empha- 
sized here that no specimens were col- 
lected during May and June. Undoubt- 
edly small crustaceans are utilized to a 
greater extent during this early period, 
and the summary presented in Table 1 
would be changed considerably if such 
data were included. During July, 29 col- 
lections taken on 13 different days 
yielded 255 stomachs with food; in Au- 
gust, 29 collections made on 12 different 
days gave 153 stomachs with food; in 
September, 8 collections seined in 4 days 
yielded 50 specimens with food; while 2 
collections made on October 21 and 24, 
yielded 9 and 30 stomachs, respectively, 
with food. 

The only vertebrates eaten were 
fishes. They are by far the most impor- 
tant item, making up 92.9 per cent of 
the total volume of all food. Inverte- 
brates formed but 6.7 per cent, and only 
a trace (0.4 per cent) of plants was in- 
gested. The seasonal trends in food se- 
lection are shown graphically in Figure 
1. 


Foop 


The order of importance of food items 
by families (measured by percentage of 
the volume) is as follows: perches and 
darters, Percidae, 28.3 per cent; basses 
and sunfishes, Centrarchidae, 16.8 per 
cent; minnows, Cyprinidae, 11.2 per 
cent; killifishes, Cyprinodontidae, 2.4 
per cent; and suckers, Catostomidae, 
0.1 per cent. Fishes, which occurred in 
the stomachs in an advanced condition 


PIKE-PERCH IN ONEIDA LAKE—Raney and Lachner 3 


of digestion that made more specific 
identification impossible, represented 
34.1 per cent of the food. It is reason- 
able to believe that these unidentifiable 
fishes would not greatly affect the va- 
lidity of our results, as no discernible 
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Fig. 1. Monthly trends in percentages, by 
frequency of occurrence, of the main food 
items found in the stomachs of young yellow 
pike-perch from Oneida Lake, N. Y., 1940. 


difference in the rate of digestion of dif- 
ferent species occurred. Of the 20 fami- 
lies of fishes found in the lake by Adams 
and Hankinson (1928), only the 5 here 
mentioned were represented in the food 
of young pike-perch. 

Figure 2 illustrates graphically the 
percentage of the volume of food con- 
tributed by each group of fishes. Of 
those present in identifiable condition 
the johnny darter (Boleosoma nigrum 
olmstedz) ; the common sunfish (Lepomis 
gibbosus); and the yellow perch (Perca 
flavescens) ; were most important, in the 
order named. Because of their rate of 
growth and habits, each of these three 
fishes serves as an excellent food supply 
for young pike-perch. Both the johnny 
darter and yellow perch are early 
spawners. The eggs of the yellow perch 
are laid in April at about the same time 
as those of the pike-perch, but the 
young of the latter quickly outgrow the 
yellow perch and feed on them all 
through the first summer. Young yellow 
perch travel in large schools as do the 
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young pike-perch, at least during July 
and August. Such schools of yellow 
perch serve as a fine food supply, and 
many young pike-perch have their 
stomachs distended with this species 
alone. On August 29 at Lakeport Bay, 
9 of 11 stomachs contained only yellow 


July through October, johnny darters 
were not used for food to any great ex. 
tent until about July 19 (note Figure 3). 
They were then eaten in large numbers 
for about five weeks. After September | 
they were not found in many stomachs, 
Although these darters do not travel in 
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Fig. 2. The fish food of 495 young yellow pike-perch from Oneida Lake, N. Y., 1940, that 
was identified to species or to family. Each horizontal bar represents the percentage of the 
total volume of food eaten (see Table 1). Those listed by families only were not identified 


more specifically. 


perch. No yellow perch were found in 
the pike-perch taken in late October, 
and it is probable that the schools of 
yellow perch had not yet moved to deep- 
er water and thus were not within the 
feeding range of the young pike-perch. 

The johnny darter spawns somewhat 
later in May and June, and some of 
those eaten on July 3 were 12 mm. in 
standard length. While young yellow 
perch were eaten quite regularly from 


schools, they are present in great num- 
bers on sandy bottom near weed beds in 
shallow water, and apparently can be 
picked up easily by the young pike- 
perch. It is quite probable that in mov- 
ing to deeper water in late summer and 
early fall the pike-perch schools move 
out of the area of greatest abundance of 
johnny darters. However, it is known 
that johnny darters do at times fre- 
quent deeper waters. 
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In Oneida Lake the common sunfish 
spawns over a rather long period from 
June to late July. A few small fry were 
found in pike-perch stomachs during 
July and early August. From the middle 
of August through October the larger 
young sunfish were much more common 
in stomachs, constituting an important 
item in practically all collections. On 
October 24, young sunfishes occurred in 
19 of the 28 stomachs containing food. 
This is likely correlated with the move- 
ment of sunfishes to deeper water at 
this time of the year, as well as to their 
schooling habits. 

The young of banded killifish were 
eaten sparingly during the last of July 
and the first of August. Near the last of 
August they had reached a large size 
and were of some importance as food, 
although they were found in only 16 
stomachs and made up but 2.4 per cent 
by volume. 

As a group, the minnows (Cyprini- 
dae) were rather important food organ- 
isms, contributing 11 per cent of the 
volume of all the food. A greater num- 
ber of minnows, largely buckeye shiners, 
were eaten during October. By this 
time the young pike-perch averaged 5 
inches in total length and were able to 
take adult and sub-adult buckeye shin- 
ers about 2 inches long. 

One of the objectives of this study 
was to determine to what extent the 
young pike-perch were utilizing young 
carp (Cyprinus carpio) as food, and 
many localities where spawning carp 
were located were seined. No carp were 
found in pike-perch stomachs, but on 
the other hand, very few young carp 
were taken in the seines. It appears to 
have been a rather poor spawning year 
for this species. 


Neither the small-mouthed nor the 
large-mouthed bass was an especially 
important food items. The latter species 
was found in 10 pike-perch stomachs 
taken during late July and early August 
(Fig. 3). These large-mouthed bass were 
all young specimens from 15 to 25 mm. 
in standard length. With rare exceptions 
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Fig. 3. Monthly variations in the percent- 
age of young yellow pike-perch stomachs 
(from Oneida Lake, N. Y., 1940) containing 
certain species of fishes that were most 
commonly eaten. 


only young fish were eaten, at least un- 
til October. 

The following fishes are listed in the 
order of the frequency of their oc- 
currence in the same collection with 
young pike-perch: Perca flavescens, Per- 
cina caprodes, Boleosoma nigrum olm- 
stedi, Fundulus d. diaphanus, Lepomis 
gibbosus, and Micropterus d. dolomieu. 
Neither Percina nor Catostomus was 
eaten as commonly as might be ex- 
pected from their relative abundance. 

The food of pike-perch at various lo- 
calities in Oneida Lake where several 
collections were taken during the sum- 
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TABLE 2 


PERCENTILE FREQUENCY OF OCCURRENCE OF FOOD ITEMS OF young 
YELLOW PIKE-PERCH FROM VARIOUS LOCALITIES IN ONEIDA LAKE, NW, y. 
WHERE SEVERAL COLLECTIONS WERE TAKEN DURING THE SUMMER (1949) 


Bern- | Cleve- : Tan- | Three-| Lake. 
Locality hard | land bark mile | port 
Bay | Harbor y y Bay Bay Bay 
Date collected July 2-|July 19-| July 9-lJuly 19-| July 3-| July 3-July 10- 
Oct. 24 | Oct. 21 | Sept. 5 |Sept. 18) Aug. 29) Aug. 3 | Aug. 29 
Number of collections 6 5 4 4 3 3 3 
Number of stomachs examined | 132 54 46 72 Ad 30 25 
Number containing food 110 50 41 60 33 27 22 
Food item Percentage of stomachs in which the item was found 
Fishes 95.4 | 98 100 91.7 | 100 96.3 | 95.5 
(Perches and darters, Perci- 

dae) 

Boleosoma nigrum olmstedi | 20 24 19.5 20 12.1 26 — 

Perca flavescens 10.9 8 9.8 Bae 9.1 _ 45.5 

Percina caprodes semifasci- 

ata 9 — 3.7 

Percidae 3.6 2 3 
(Basses and sunfishes, Cen- 

trarchidae) 

Lepomis gibbosus 30.9 18 12.2 

Centrarchidae 2.7 5 4.5 
(Minnows, Cyprinidae) 

Notropis a. atherinoides 4.5 8 3 — 

Notropis h. hudsonius — 1.7 — 

Notemigonus c. crysoleucas 9 — —_ — 3 11.1 — 

Rhinichthys a. atratulus — — 3 

Leucosomus corporalis — 2.4 = 

Cyprinidae 4.5 10 9.8 6.7 | 36.4 3.7 _ 
(Killifishes, Cyprinodontidae) 

Fundulus d. diaphanus 2 9.8 = 4.5 
(Suckers, Catostomidae) 

Fish remains 41.8 58 48.8 50 33.3 63 27.3 
Invertebrates 

Insects 8 9 16.7 6.1 


mer is summarized in Table 2. Consid- 
erable variation in occurrence of some 
species of fishes is to be noted. These 
differences are probably correlated with 
local differences in abundance. Such dif- 
ferences are difficult to determine quan- 
titatively with the sampling equipment 
now available, but observational data 
corroborate them. Each of the three 


most important food fishes (johnny 
darter, yellow perch, and common sun- 
fish) was found to be an important item 
at 6 out of 7 stations. 


Insect Foop 


Insects were found in 46 out of 495 
(9.3 per cent) pike-perch stomachs, but 
because of their relatively small siz 
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they composed only 3.7 per cent by 
volume. All of the insects eaten were 
aquatic forms. Caddis larvae (Trichop- 
tera) and mayfly nymphs (Ephemerop- 
tera) were most common of the identifi- 
able species. Only 4 stomachs contained 
larvae of midges (Diptera). Of the cad- 
dis flies, larvae of a rhyacophilid and 
pupae of a large limnophilid appeared 
most often. The nymphs of a burrow- 
ing form, Hexagenia, were the only may- 
flies found in the stomachs. As may be 
seen from Figure 1, insects were present 
in from 5 to 16 per cent of the stomachs 
until September 17-18, when aug- 
mented by caddis pupae, they amounted 
to 30 per cent. The peak, August 12-16 
(Fig. 1), was due largely to consumption 
of the nymphs of Hexagenia. Table 2 
indicates that the percentage of the 
stomachs in which insects occurred did 
not vary a great deal at different locali- 
ties, the range being from 6.1 to 11.1. 


OTHER Foop 


Crustaceans were found in but 21 
(4.2 per cent) of the stomachs and made 
up only 2.7 per cent of the food by vol- 
ume (Table 1). Pike-perch stomachs 
collected during May and June would 
undoubtedly show a much greater per 
cent of these organisms, especially mi- 
cro-crustaceans. Stomachs from but 4 
collections made July 2, 3, and 19, con- 
tained Entomostraca. In a lot taken at 
Jones Bay, July 3, only copepods were 
found in 9 stomachs, both copepods and 
caddis larvae in one other stomach, 
only fishes in 7, and insects alone in 2 
stomachs. The number of copepods per 
stomach varied from 20 to 75 with a 
mean of 44. In another collection of 23 
stomachs taken on July 3, only one con- 
tained a single copepod. This stomach 


also held 13 minnow fry and the remains 
of an insect. All the other stomachs 
contained fishes exclusively. Another 
specimen captured July 2 had 20 cope- 
pods and fish remains in its stomach. 
The copepods were largely Epischura, 
although a few Cyclops also were eaten. 

Of 31 full stomachs collected July 19, 
3 contained respectively 3, 3, and 9 
Daphnia. In addition to Daphnia one 
stomach held a johnny darter 17 mm. in 
standard length, and another contained 
fish remains. Only fishes were in the 28 
other stomachs of this collection. In 
summary, it may be stated that with 
the exception of one collection made on 
July 3, the pike-perch had largely 
ceased eating Entomostraca (Fig. 1). 
But few other crustaceans were eaten; 
scuds (Amphipoda) were found in only 
5 stomachs, none after August 1. 

A few snails (Amnicola) were eaten. 
Plant remains appeared in 5 stom- 
achs. 

A search of the literature revealed the 
following data on food of young pike- 
perch. Adams and Hankinson (1928: 
446) reported that 6 out of 8 specimens 
from one to two inches in length from 
Oneida Lake, New York, contained 
only fishes, specific identification of 
which was impossible because of the ad- 
vanced stage of digestion. Sibley and 
Rimsky-Korsakoff (1931: 113) state 
that 6 young from 55 to 95 mm. in total 
length from the St. Regis and Salmon 
Rivers, New York, had eaten johnny 
darters. Rimsky-Korsakoff (1930: 103) 
examined the stomachs of 32 specimens 
from the Lake Champlain drainage in 
New York. They ranged from 47 to 70 
mm. in total length and had fed entirely 
on fishes, including 10 yellow perch and 
2 johnny darters. Another young speci- 
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men 120 mm. long had eaten only the and only 30 per cent fish. Clemens and 
crustacean, Mysis relicta. others (1923: 184) examined the stom. 

Forbes (1880: 32) examined 2 pike- achs of 3 young taken from July 20 to 
perch, 2 and 2.5 inches long, taken in August 4 in Lake Nipigon, Ontario, 
June in Illinois. One had eaten a small which ranged from 53 to 68 mm. in 


TABLE 3 


FOOD OF 38 JUVENILE AND ADULT YELLOW PIKE-PERCH COLLECTED FROM 
JULY 2 TO SEPTEMBER 17, 1940 IN ONEIDA LAKE, N. Y. ALL SPECIMENS 
HAD PASSED THROUGH AT LEAST ONE WINTER AND APPROXIMATELY 
THREE-FOURTHS WERE IN THER SECOND SUMMER. OF 65 STOMACHS 
EXAMINED, 27 (OR 41.5 PER CENT) WERE EMPTY 


Number of] Percentage| Percentage} Percentage 
Food Item stomachs |of stomachs| of the vol-| of the fre- 
in which | in which | ume (esti-| quency of 
it2gm was | the item | mated) of | occurrence 
found was found] all food | of all food 
Fishes 31 81.6 80.6 61.4 
(Perches and darters, Percidae) 
Johnny darter (Boleosoma nigrum olm- 
stedt) 1 2.6 1.3 
Yellow perch (Perca flavescens) 15 39.5 31.7 23.5 
Log-perch (Percina caprodes semi- 
fasciata) 3 8 6.3 3.4 
(Basses and sunfishes, Centrarchidae) 
Rock bass (A mbloplites rupestris) 1 2.6 2.2 3.4 
(Minnows, Cyprinidae) 
Buckeye shiner (Notropis a. atheri- 
noides) 4 10.5 9.2 8.4 
Cyprinidae 1 2.6 2.6 1.7 
Unidentified fish remains 15 39.5 27.3 20.2 
Amphibians 
Mud puppy, Necturus m. maculosus 1 2.6 2.6 8 
Insects 11 28.9 12.2 31.9 
Caddis flies, Trichoptera 1 2.6 1 8 
Mayflies, Ephemeroptera 3 8.0 3.7 22.7 
Hymenoptera 1 2.6 2.6 2.5 
Insects 6 15.8 5.8 5.9 
Crustaceans 
Scuds, Amphipoda 1 2.6 5 1.7 
Snails, Mollusca 1 2.6 * 8 
Roundworms, Oligochaeta 1 2.6 ° 1.7 
Plants 4 10.5 4.1 Ls 


* Less than one-half of one per cent. 


fish; the other a small fish and a few length and found only fish remains. 
Entomostraca (Cyprididae and Daph- Clemens and others (1924: 129) found 
niidae). Pearse (1921: 39) found that 5 that 4 young from 35 to 94 mm. in 
young Wisconsin specimens taken July — standard length collected from the same 
25 and ranging from 48 to 53 mm. had locality during late July and early Au- 
eaten 52 per cent Daphnia, 3 per cent gust, contained the remains of three 
Cyclops, 13 per cent chironomid pupae fishes but the large part of the food was 
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micro-crustaceans (Daphnia, Cyclops, 
Epischura, Bosmina, Leptodora) and 
chironomid larvae and pupae. In Big 
Sandy Lake, Minnesota, Kidd (1927: 
89) reports that Entomostraca were the 
chief food of pike-perch from 1.5 to 9 
inches in length. Some algae and insects 
also were eaten. Gammarus and small 
fishes were found in those over 2 inches 
in length. Hankinson (1908: 215) opened 
a few fry from Walnut Lake and found 
chiefly entomostracans, among which 
were copepods and ostracods. 
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ing that there is no difference in the 
food of the two subspecies, vitreum and 
glaucum, there appears to be a real dif- 
ference between the food of the species 
in Lake Erie and in Oneida Lake. The 
Oneida Lake pike-perch start eating 
larger quantities of fish at an earlier 
date and make slightly better growth 
than do those in Lake Erie. For Lake 
Erie, Deason (1933: 351) calculated 
(from a study of scales) the standard 
length to be 91 mm. at the end of the 
first year of life, and Adamstone (1922: 


TABLE 4 
THE MEAN LENGTH INCREMENT PER WEEK AND THE MEAN TOTAL 


LENGTH! ATTAINED BY YOUNG YELLOW PIKE-PERCH IN 
ONEIDA LAKE, NEW YORK, 1940 


Mean Mean Standard /|Mean increment 
Date Number of standard total deviation (of per week in 
collected specimens length in length in total length | mm. (based on 
mm. mm. distribution) total length) 
July 2 104 40.6 48.2 10.5 _— 
July 19 149 55.7 64.1 15.8 6.6 
August 4 79 69.3 82.3 12.2 8.0 
August 16 46 83.0 99.0 12.4 11.7 
Sept. 1 58 98.8 117.3 19.0 8.0 
Sept. 18 31 106.9 127.1 16.0 4.0 
Oct. 24 35 114.1 135.2 14.3 1.6 


1 To convert total length in mm. to standard length in mm. multiply the total length 


by 0.847. 


The most complete study of the food 
of young pike-perch to date is that of 
Ewers (1933: 390). Her investigation in- 
cluded an examination of 87 stomachs 
of two subspecies, vitreum and glaucum, 
which averaged 59.3 mm. (range 24 to 
190 mm.) in total length and, therefore, 
were largely young of the year. The 
specimens were taken from June 27 to 
September 29, 1929, from 15 stations at 
the western end of Lake Erie. A strik- 
ingly high proportion of Entomostraca 
(64.6 per cent by volume) was eaten as 
compared with but 4.7 per cent of in- 
sects and 27.3 per cent of fishes. Assum- 


85) from a study of a growth curve de- 
termined it to be 103 mm. The mean 
total length is 135 mm. and the stand- 
ard length is 114 mm. (Table 4 and Fig. 
4) for young pike-perch from Oneida 
Lake taken on October 24, 1940. 


Foop oF JUVENILE AND 
PIKkr-PERCH 


Although few attempts were made to 
obtain pike-perch, 65 specimens were 
collected, mostly during seining opera- 
tions in deeper water. Some were ob- 
tained also in gill-nets and by angling. 
They were collected from July 2 to Sep- 
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tember 17, 1940, in 13 hauls made at 
various places in Oneida Lake. All speci- 
mens had passed through at least one 
winter. About three-fourths were in 
their second summer, and ranged from 
5 to 9 inches in length. Only 38 (58.8 
per cent) of the 65 stomachs contained 
food. An analysis of their contents is 
presented in Table 3. 


Fishes were most important as food, 
making up 80.6 per cent of the volume. 
Insects composed 12.2 per cent, while 
scuds, snails, roundworms, amphibians, 
and plants were present in smaller 
quantities. 


Of the fishes eaten, the yellow perch 
was by far the most important. Al- 
though johnny darters and common 
sunfish were very common in the diet of 
young pike-perch, only one of the for- 
mer and none of the latter was eaten by 
these larger individuals. A probable ex- 
planation is that the older pike-perch 
feed less in the shallower areas where 
these species reach their greatest abun- 
dance during the summer. The buckeye 
shiner apparently assumes a more im- 
portant place in the diet of adults than 
of the young, since they made up 9.2 
per cent by volume. 


A good review of the available litera- 
ture on the food of the larger pike-perch 
is given by Adams and Hankinson 
(1928: 446) but the studies summarized 
were for the most part based on too few 
specimens to be of much significance. In 
general, they indicate that the pike- 
perch is primarily a fish-eating species 
but that occasionally it takes other ver- 
tebrates as frogs and mud puppies. At 
certain times crayfishes and other Mala- 
costraca may be important. Insects, 
usually mayflies and midge larvae and 


pupae, may occur in considerable nun. 
bers of stomachs especially during lat. 
summer. 

Many different species of fishes ar 
taken, depending on the locality ang 
the depth at which feeding occur, 
Clemens and others (1923: 184 anq 
1924: 129) found pike-perch living near 
shore in Lake Nipigon, Ontario, feeding 
on sticklebacks, cottids, and ephemerid 
nymphs. Those in deeper water fed 
largely on ciscoes. Smith (1892: 190) in 
writing of the alewife (Pomolobus pseu. 
doharengus) in Lake Ontario, states 
that the pike-perch was “reported” to 
be fond of alewives, and the pike-perch 
was said to have increased in abundance 
since the alewife became more common. 
In Illinois, Forbes (1880: 32) found 
pike-perch feeding upon the gizzard 
shad, sunfishes, and cyprinids. Leach 
(1927: 4) claims that the main food in 


Lake Erie is lake shiners (probably re- | 


ferring to Notropis atherinoides). In % 
pike-perch ranging from 52 to 380 mm. 
in standard length from Big Sandy 
Lake, Minnesota, Nurnberger (1930: 


258) found 54 fishes, 30 insects, anda | 


mass of pondweed (Potamogeton). In- 


sects were eaten when the fishes were7) | 


mm. long. 

Couey (1935: 160) studied the ston- 
achs of 67 pike-perch taken during the 
summer from Wisconsin lakes. They 
had fed largely on fishes (85 per cent by 
volume), mostly yellow perch, darters, 
and minnows. Some insects, mostly 
Ephemeroptera, were eaten. In Clear 
Lake, 19 pike-perch contained 60 per 
cent insects, largely mayfly nymphs, 
and only 40 per cent fishes. In Wiscot- 
sin, Pearse (1918: 275) found that 1l 
large pike-perch from Lake Monona 
and Lake Waubesa had eaten mostly 
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fish but had also taken some frogs, Rana 
pipiens. Pearse (1921: 39 and 45) found 
11 adults from Lake Pepin, averaging 
386 mm., had eaten 79 per cent fish and 
21 per cent Sialis nymphs, while only 
fishes were eaten by 10 adults averaging 
974 mm. from Lake Geneva. Hankinson 
(1908: 215) examined the stomachs of 
39 from Walnut Lake, Michigan. Of 
these 13 had eaten midges and 11 con- 
tained crayfish. Other food in small 
quantities included mayfly larvae and 
other insects, snails, leeches, and en- 
tomostracans. 

A number of more recent records of 
summer food from New York are given 
below. Greeley (1927: 64) found the 
food of 7 specimens 13 to 27 inches in 
total length from Conesus Lake, Silver 
Lake, and Genesee River, New York, in 
August, to be about 80 per cent fishes 
(largely yellow perch but with some 
minnows and suckers) and 20 per cent 


aquatic insects. Sibley (1932: 129) 


found that three adults averaging 340 
mm. in total length had eaten 70 per 
cent aquatic insects and 30 per cent yel- 
low perch. Another specimen 226 mm. 
long contained 80 per cent aquatic in- 
sects and 20 per cent oligochaete worms. 
Seven others from 210 to 380 mm. had 
eaten fish only, the species being yellow 
perch and spot-tailed minnows (No- 
tropis hudsonius). Sibley and Rimsky- 
Korsakoff (1931: 113) noted that an 
adult specimen 410 mm. in total length 
had eaten a yellow perch. Rimsky-Kor- 
sakoff (1930: 103) found that 10 pike- 
perch from the Lake Champlain water- 
shed in New York from 140 to 390 mm. 
in total length had eaten almost 100 per 
cent fishes, including Osmerus mordaz, 
Percopsis omiscomaycus, Hybognathus 
regius, and Ameiurus n. nebulosus. One 


large specimen 370 mm. long had eaten 
insect larvae (Diptera and Ephemeri- 
idae) and Malacostraca. 

Pate (1933: 154 and 156) records the 
food of 6 adults from 390 to 640 mm. in 
total length from New York lakes as 
100 per cent fish. In addition, 10 speci- 
mens from Lake Pleasant, New York, 
ranging from 100 to 330 mm., had 
eaten only yellow perch. Four others 
from Friends Lake, New York, from 
300 to 400 mm. long, had eaten 35 per 
cent yellow perch and 65 per cent sun- 
fish. Pate (1934: 152-156) reported the 
food of 4 specimens from Tupper Lake, 
New York, from 280 to 380 mm. in total 
length as 20 per cent insects, 30 per cent 
crustaceans, and 50 per cent yellow 
perch. Three others 280 to 450 mm. long 
had eaten 10 per cent insects and 90 per 
cent yellow perch. Another specimen 
240 mm. long from Higley Flow had 
taken 100 per cent yellow perch. Two 
specimens from Raquette Pond 260 to 
330 mm. long contained 25 per cent in- 
sects and 75 per cent yellow perch. One 
from Simon Pond 170 mm. long had 100 
per cent yellow perch, while another 370 
mm. long from the same pond, held 100 
per cent insects. 

It appears that in New York State, 
as well as in some other localities, the 
yellow perch is of prime importance as 
a food organism for pike-perch, espe- 
cially the larger individuals. A detailed 
study of the ecological relationships of 
these two species may yield something 
of importance that may be applied to 
the management of the pike-perch 
fishery. 


GROWTH OF YOUNG 


The data on growth of young pike- 
perch based upon 601 specimens taken 
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from July 2 to October 24, 1940, are pre- 
sented as a curve in Figure 4. The rate 
of growth was rather constant during 
July, the length increment per week 
ranging from 6.6 mm. to 8.0 mm. (Table 
4). The water reached its highest mean 
daily temperature during the last two 


190- 


130F 46 


19 


35 


TIA 


TOTAL LENGTH IN MM. 


weeks in July, and the greatest growth 
increment per week followed during the 
first half of August when the mea 
weekly length increment reached 117 
mm. From Figure 4 it may be noted 
that the rate of growth diminished Tap- 
idly during the first two weeks in Sep. 
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Fig. 4. Growth of young yellow pike-perch from Oneida Lake, N. Y., 1940. The curve 
passes through (or very close to) the mean total length of each collection. The range in total 
length of the fishes in each lot is represented by the solid vertical line. The figure just above 
this line represents the number of specimens measured. The total for the graph was 601. 
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tember, and little growth occurred dur- 
ing late September and October. The 
slackening in growth rate in September 
coincided with a rather sudden lowering 
of water temperatures. The weekly 
average growth increment during the 
period from September 18 to October 
24 was slightly less than the greatest 
daily growth at the time of maximum 
rate of growth during the second week 
in August. 

Considerable variation was found in 
the total length attained even with 
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growth of the yellow pike-perch from 
material collected from Lake Erie at 
Merlin, Ontario. A growth curve based 
on only 25 large specimens was con- 
structed, and by interpolation he ob- 
tained an average standard length at 
the end of one year of 103 mm. Deason 
(1933: 351) studied the scales of 1,430 
yellow pike-perch from Lake Erie and 
calculated the standard length at the 
end of the first year of growth to be 91 
mm. Hart (1928: 47) studied the growth 
of yellow pike-perch in Lake Nipigon, 


TABLE 5 


LENGTH ATTAINED BY YOUNG YELLOW PIKE-PERCH AT SEVERAL LOCAL- 


ITIES IN ONEIDA LAKE, N. 


Y., 1940. THE MEAN TOTAL LENGTH 


(IN MM.) IS FOLLOWED BY THE NUMBER OF SPECIMENS 
MEASURED (IN PARENTHESIS) 


Date Bernhard Cleveland : 
collected Bay Harbor Dakin Bay Taft Bay 
July 3 47.3 (35) 
July 9 49.9 (12) 
July 19 62.9 (33) 64.6 (21) 71.8 (31) 
Aug. 2 82 (12) 87.4 (13) 79.9 (10) 78 oe 
Aug. 16 101.1 (10) 97.9 (7) 100.3 (17) 97.3 (7) 
Sept. 4 116.4 (9) 
Sept. 18 121.9 (7) 115.8 (4) 128 .6 (24) 
Oct. 21 131.2 (9) 
Oct. 24 135.2 (35) 


those specimens taken in one collection 
during July. The range in size at any 
given date is portrayed by the vertical 
lines cutting the growth curve in Fig- 
ure 4. As might be expected, the range 
became greater as the summer pro- 
gressed. By October 24, the young pike- 
perch had attained an average total 
length of 5.25 inches. At this time the 
largest specimen was very close to 7 
inches while the smallest specimen was 
about 4.25 inches. The rates of growth 
at various localities on Oneida Lake did 
not differ greatly as may be noted from 
Table 5. 


Adamstone (1922: 85) studied the 


Ontario and found that 4 specimens had 
attained an average standard length of 
123 mm. at an age of one year. That 
measurement for Oneida Lake pike- 
perch on October 24, 1940, was 114 mm. 


GENERAL MOVEMENTS OF YOUNG 
AND ADULTS 


As the summer progressed, the young 
pike-perch gradually moved toward 
deeper water and were consequently 
more difficult to capture by seining. 
During the first two weeks in July they 
were generally distributed in shallow 
water from a few inches up to 2 feet in 
depth. By the first week in August at 
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some localities it was necessary to seine 
in and about weed beds in approxi- 
mately 4 feet of water in order to cap- 
ture young specimens. By August 25 
they were rarely taken in less than 5 
feet of water except at certain localities 
where there was a deep water retreat 
nearby. At times in late August certain 
concentrations of young were noted in- 
shore just after severe storms, but they 
did not remain more than a few days. 
From September 5 to 18, specimens 
were seined in water 10 to 12 feet in 
depth and seldom were found closer in- 
shore. The young pike-perch appeared 
to be definitely schooled at that time. 
One haul of a 100-foot seine in Taft 
Bay, September 18, in water 10 feet 
deep, captured 57 young; it was the 
most successful catch of the season. 
Some juveniles and occasionally an 
adult were taken in the same seine haul 
as the young but they were usually 
limited to deeper waters. 

The type of bottom did not rigidly 
control the distribution of young. They 
were taken largely over sand and gravel 
merely because this is the bottom most 
often found in Oneida Lake. However, 
on numerous occasions, young pike- 
perch were seined from over silt-, as well 
as rubble-, and boulder-covered bottom. 
They were usually found near the large 
beds of well-developed, rooted aquatic 
vegetation that are common in Oneida 
Lake. Young pike-perch were definitely 
more common along the north shore and 
at the eastern end of Oneida Lake. 
Bernhard Bay, Cleveland Harbor, Da- 
kin Bay, and Taft Bay were unusually 
good places for collecting them. A map 
showing the location of these places, as 
well as others mentioned in this paper, 
may be found in the Adams and Han- 


kinson paper (1928). They were rarely 
taken at the west end of the lake which 
is the outlet end. Their relative abyp. 
dance is probably correlated with the 
presence of suitable spawning sites, but 
this point is in need of careful study, 
The young from Constantia Hatchery 
are planted as fry (1 to 4 days old), usu. 
ally within 5 miles of the mouth of 
Scriba Creek in deep water. 

After the spawning run, which starts 
from about March 28 to the end of the 
first week in April and continues until 
about April 20, the adults make their 
way back to deeper water. According to 
Adams and Hankinson (1928: 446) 
anglers report them from depths of 6 to 
20 feet during summer. In Walnut Lake, 
Michigan, Hankinson (1908: 193 and 
215) found them living in deep water 
during the day but coming into shal- 
lower places at night, presumably to 
feed. 

In other New York lakes the adult 
pike-perch are rather generally dis- 
tributed during the summer from the 
shallow waters to medium depths. 
Odell (1932: 333) found them most com- 
mon (at night when gill nets were set) in 
depths from 5 to 15 feet. According to 
Deason (1933: 349) in Western Lake 
Erie the yellow form occurs in shallower 
water than the blue and is infrequently 
found in appreciable numbers in waters 
more than 8 fathoms deep. 


SUMMARY 


Stomachs of 620 young pike-perch 
seined near shore during July 2 to Octo- 
ber 24 were examined; 495 contained 
food. Analysis of this food indicated 
fishes to be the most important item, 
forming 92.9 per cent by volume. The 
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remaining food was largely inverte- 
brates with only a trace of plant mate- 
rial. The fishes most commonly eaten 
were johnny darters (16 per cent), com- 
mon sunfish (14 per cent) and yellow 
perch (10 per cent). As a group, the 
minnows also were of importance (11 
per cent). A marked difference in the 
quantity of a given species of fish eaten 
was noted as the summer progressed. 
The fishes eaten are largely young of the 
year. Insects, largely mayflies and cad- 
dis flies, and crustaceans made up the 
bulk of the invertebrate food. No crus- 
taceans were found in stomachs after 
the last of July. 

Some 65 stomachs of larger speci- 
mens, all of which had passed through 
at least one winter, were examined and 
38 contained food. Fishes were most 
important in their contents (80.6 per 
cent by volume); insects made up 12.2 
per cent; and amphibians, scuds, mol- 
luses, roundworms, and plants were 
present in smaller quantities. Yellow 
perch were most commonly eaten (32 
per cent). 

Considerable variation in the total 
length attained by young individuals 
was noted in all collections, even in 
those made during early July. By Octo- 
ber 24, the young had attained an aver- 
age total length of 5.25 inches. At this 
time the largest specimen measured was 
7, and the smallest about 4.25, inches. 

Through the late summer and fall 
months the young gradually moved to 
deeper water. They occurred in schools 
in water about 10 feet deep during Sep- 
tember and October. 
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INFLUENCE OF RAINFALL AND SOIL ON HUNGARIAN 
PARTRIDGES AND PHEASANTS IN 
SOUTHEASTERN MICHIGAN 


Fred H. Dale 


Changes in populations of game birds 
on lake-bed soils of southeastern Michi- 
gan, correlated with climatic differences 
over the period from 1930 to 1940, have 
yielded information that may have ap- 
plication in evaluating habitats for 
game species elsewhere. 

These soils are for the most part fer- 
tile, heavy-textured, and of even topog- 
raphy. Natural drainage is poor, but 
most of the land is tiled and ditched so 
that adequate drainage is provided. Al- 
though better than average manage- 
ment is required, some of the best crop 
yields of the state are obtained. 

About 1916, Hungarian partridges 
migrated across the state line from 


plantings made in Ohio and became es- 


tablished on the lake-bed soils of Michi- 
gan. By 1930 their numbers had in- 
creased sufficiently to cause some 
optimism as to their future in the state, 
and Leopold (1931) reported that Hun- 
garians seemed to thrive better than 
pheasants on these soils of Michigan 
and Ohio. The Hungarians increased in 
number from 1930 to 1936, after which 
there was a marked decrease. Today 
there are fewer Hungarians on the la- 
custrine soils than on adjacent rolling 
lands to the north and west. 

Pheasants were rare on the lacustrine 
soils of this area in 1930, substantiating 
Leopold’s belief that these soils were not 
so suitable for them as for the par- 
tridges. However, the trend in pheasant 
population has been the reverse of that 
for the Hungarian, with the result that 


by 1940 the pheasants were common in 
areas of heavy soils where they had 
been almost unknown a decade earlier. 

Field investigation in this area in 
1940, as a part of a Federal Aid to Wild- 
life Project, did not reveal any out- 
standing changes in farm practices in 
the past decade that might account for 
the observed changes in game popula- 
tions. 

Weather conditions for the period 
under consideration varied in such a 
manner as to suggest that summer rain- 
fall may have been an important factor 
in bringing about the results observed. 
The average summer rainfall (June, 
July, and August) at Adrian, Michigan, 
for the period 1878 to 1930, according 
to U. 8S. Weather Bureau records, was 
9.98 inches. From 1916 to 1929, a period 
during which the Hungarians were be- 
coming established, the average was 
8.17 inches. For the first seven years of 
the decade 1930-39, however, the aver- 
age for these months was only 6.49 
inches, or 65% of the “normal.” For 
two summers within this period the pre- 
cipitation was more than nine inches, 
but in the remaining five there were 
severe droughts. In none of these seven 
years was the rainfall for the three sum- 
mer months greater than average. Un- 
der dry conditions, pheasants showed 
little increase on the level lake-bed soils, 
while Hungarian partridges evidently 
found conditions suitable and increased 
during the seven-year period. 

The summer of 1937 was one of ex- 
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cessive precipitation in southern Michi- 
gan with 19.82 inches registered at 
Adrian. June had 10.36 inches, and the 
rainfall for the succeeding two months 
was well above normal. In the following 
years, 1938 and 1939, there was about 
normal summer precipitation (9.66 and 
9.14 inches, respectively). During these 
three years, with moderately heavy 
rainfall in the growing seasons, the 
pheasants became more numerous while 
the Hungarians were decreasing in 
numbers. 

Hunting records in Michigan seem to 
show that wet years are not detrimental 
to pheasants. In 1940, for example, al- 
though fears were expressed that the 
very wet hatching season would result 
in a serious reduction of pheasants, the 
increase reported in almost every coun- 
ty within the farm-game area indicated 
that any ill effects of the early rains 
could not have been widespread. 

In contrast, the Hungarian partridge 
for satisfactory reproduction, requires 
dry weather during the hatching sea- 
son. Its history in the United States 
and Canada, as well as reports of its re- 
quirements in Europe, show that mor- 
tality of the young is high in wet sea- 
sons and that slight success is to be 
expected in introducing them in regions 
of heavy summer rainfall. Middleton 
(1934, 1935, 1936-a and 1936-b) gives 
several examples of the effect of weather 
on the survival of partridges in England 
and shows conclusively that cold or wet 
summers are harmful to partridge 
chicks. 

The difference in tolerance toward 
wet conditions shown by partridge and 
pheasant chicks is well illustrated by ex- 
periences in rearing the birds at the 
Michigan State Game Farm. It was 
found that young partridges must be 


carefully protected against weather 
changes, as a small amount of rain js 
likely to be fatal to them. Young 
pheasants, however, can often surviye 
severe wetting without high mortality 
if accompanying temperatures are not 
too low. 

From the differences in habitat re. 
quirements of the two species, it seems 
likely that the increase in pheasants and 
the decrease in Hungarians on lake-bed 
soils of southeastern Michigan in the 
latter part of the decade 1930-39 was 
influenced largely by the heavier sun- 
mer precipitation of that period. It also 
appears likely that the early success of 
the Hungarian partridge in this area, on 
soils of a texture generally regarded 
elsewhere as unfavorable to the species, 
was made possible by a succession of 
years with less than average rainfall. 
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ANALYSIS OF LOSSES IN THE NESTING OF BIRDS! 
S. Charles Kendeigh 


At the Baldwin Bird Research Lab- 
oratory, near Cleveland, Ohio, observa- 
tions were made from 1921 to 1939 on 
the outcome of 2,725 nesting attempts 
of 51 species of birds. This group of 
species inhabited chiefly the forest-edge 
habitat in the deciduous forest biome, 
where both trees and open spaces were 
available. Much of the habitat was 
man-made, consisting of country es- 
tates with their buildings, lawns, shade 
trees, orchards, and gardens. Except for 
those on the house wren, observations 
were limited to the 15 acres of Hillcrest 
Farm, the former home of Dr. and Mrs. 
§. Prentiss Baldwin, where the labora- 
tory itself was located. Observations on 
house wren nestings extended through- 


out the village of Gates Mills in essen- 


tially similar surroundings. 

Since the habitat was considerably 
modified by man, the statistics on the 
success of nesting attempts may not 
apply to entirely undisturbed situa- 
tions. There may be doubt whether such 
statistics could be obtained under en- 
tirely natural nesting relations as re- 
peated visits to the nest for taking the 
necessary observations would in them- 
selves cause disturbances of the nesting 
routine and environment. In the follow- 
ing statistics, nests, in connection with 
which unusual human interference was 
evident, or those that were used for 
other experimental purposes, are not in- 


* Contribution No. 42 from the Baldwin 
Bird Research Laboratory, and No. 592 from 
the Zoological Laboratory of the University 
of Illinois, Champaign, Illinois. 
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cluded. On Hillcrest Farm continual 
control over the number of wandering 
cats, red squirrels, and black snakes 
doubtless reduced, although it did not 
eliminate, losses from predation. Spe- 
cial encouragement for nesting was ren- 
dered by erection of boxes and by food 
and cover plantings. These factors may 
compensate for possible losses due to 
frequent inspections of the nests. 

For the purposes of this paper, a nest- 
ing attempt was considered successful 
when at least one young bird was raised 
to the point of leaving the nest, regard- 
less of the fate of other young or eggs. 
On only a few occasions could the young 
actually be seen to fly or be discovered 
later in the neighborhood, hence much 
of the evidence is circumstantial. For in- 
stance, a nesting was considered suc- 
cessful (when there were no later ob- 
servations) if well grown and feathered 
young (i.e., fledglings) were present in 
the nest some days before they were due 
to leave. Possibly some of these nests 
were later destroyed, but more likely, 
since at this time the sense of fear has 
developed, at least some of the young 
escaped if the nest were approached by 
a predator or disturbed in other ways. 
In Table 1, statistics are given on the 
percentages of nests of 51 species of 
birds that were successful and unsuc- 
cessful, and the second group is further 
analyzed to show the particular phase 
of nest history in which the losses oc- 
curred. 

Eliminating all species with six or 
fewer records, the order of ranking ac- 
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TABLE 1 
STATISTICS ON OUTCOME OF NESTING ATTEMPTS 


Percentage unsuccessful 
Percent- while 
. Tota age 
Species nests oa Nest- E I Young 
ful | build-| &8- were 
ing aying| bating in nest 
asew Hawk (Falco sparverius) 2 100 0 0 0 0 
illdeer (Oxyechus vociferus) 3 33 0 0 67 0 
Mourning Dove (Zenaidura macroura) 62 50 8 8 26 8 
Yellow-billed Cuckoo (Coccyzus americanus) 1 0 0 | 100 0 0 
Black-billed Cuckoo (Coccyzus erythrophthal- 
mus) 2 0 0 0 50 50 
Chimney Swift (Chaetura pelagica) 10 60 0 10 20 10 
Ruby-throated Hummingbird (Archilochus 
colubris) 2 50 0 0 0 50 
Flicker (Colaptes auratus) 20 75 5 15 5 0 
Hairy Woodpecker (Dryobates villosus) 2 100 0 0 0 0 
Downy Woodpecker (Dryobates pubescens) 1 100 0 0 0 0 
Crested Flycatcher (Myiarchus crinitus) 7 43 0 0 43 14 
Eastern Phoebe (Sayornis phoebe) 97 72 5 3 13 6 
Wood Pewee (M yiochanes virens) 6 100 0 0 0 0 
Prairie Horned Lark (Otocoris alpestris) 1 100 0 0 0 0 
Barn Swallow (Hirundo erythrogaster) 9 89 0 il 0 0 
Purple Martin (Progne subis) 28 71 11 0 0 18 
Blue Jay (Cyanocitta cristata) 5 80 20 0 0 0 
Black-capped Chickadee (Penthestes atri- 
capillus) 10 50 20 10 10 10 
Tufted Titmouse (Baeolophus bicolor) 2 50 0 0 0 | 50 
White-breasted Nuthatch (Sita carolinensis) 3 67 0 0 33 0 
House Wren (Troglodytes aedon) 1,056 86 3 3 5 3 
Carolina Wren (Thryothorus ludovicianus) 2 100 0 0 0 0 
Catbird (Dumetella carolinensis) 169 70 16 2 9 3 
Brown Thrasher (Tozxostoma rufum) 7 57 14 0 14 14 
Robin (T'urdus migratorius) 557 70 10 7 9 4 
Wood Thrush (Hylocichla mustelina) 16 63 6 0 | 25 6 
Bluebird (Szalia sialis) 142 60 9 6 15 10 
Cedar Waxwing (Bombycilla cedrorum) 35 49 17 6 23 6 
Starling (Sturnus vulgaris) 21 76 10 10 5 0 
Yellow-throated Vireo (Vireo flavifrons) + 100 0 0 0 0 
Red-eyed Vireo (Vireo olivaceus) 13 62 0 23 8 8 
Warbling Vireo (Vireo gilvus) 1 100 0 ) 0 0 
Yellow Warbler (Dendroica aestiva) 29 69 14 3 7 7 
Oven-bird (Seiurus aurocapillus) 1 100 0 0 0 0 
Yellow-throat (Geothlypis trichas) 1 100 0 0 0 0 
Redstart (Setophaga ruticilla) 2 100 0 0 0 0 
English Sparrow (Passer domesticus) 7 29 0 0 43 29 
Bobolink (Dolichonyz oryzivorus) 1 0 0 0 | 100 0 
Red-wing (Agelaius phoeniceus) 6 100 0 0 0 0 
Baltimore Oriole (Icterus galbula) 10 90 10 0 0 0 
Bronzed Grackle (Quiscalus quiscula) 1 0 0 0 | 100 0 
Cardinal (Richmondena cardinalis) 11 82 0 0 9 9 
Indigo Bunting (Passerina cyanea) 1 100 0 0 0 0 
Rose-breasted Grosbeak (Hedymeles ludo- 
vicianus) 2 50 50 0 0 0 
Purple Finch (Carpodacus purpureus) 1 0 0 0 | 100 0 
Goldfinch (Spinus tristis) 11 55 36 9 0 0 
Towhee (Pipilo erythrophthalmus) 3 67 0 0 33 0 
Vesper Sparrow (Pooecetes gramineus) 1 0 0 0 0 | 100 
Chipping Sparrow (Spizella passerina) 174 59 15 15 9 2 
Field Sparrow (Spizella pusilla) 9 56 0 0 33 11 
Song Sparrow (Melospiza melodia) 159 64 6 9 16 4 


cordit 
js as 


90-80 
Baltin 
Barn | 
Hous¢ 
Cardi 


80-70 
Starli 
Flick 
Phoel 
Purpl 


Catbi 
Robi: 
Yello 
Song 
Woo 
Red- 


O 


cess 


DI 


Firs 
Sec 
J 
bo: 
bul 
pec 
als 
the 
ne 
hig 
tic 
pr 
do 
Tl 


_ 


om 


cording to degree of success in nesting 
is as follows: 


60-50 Per cent 
Chimney Swift 
Bluebird 


90-80 Per cent 
Baltimore Oriole 
Barn Swallow 


House Wren Chipping Sparrow 

Cardinal Brown Thrasher 
Field Sparrow 

80-70 Per cent Goldfinch 

Starling 

Flicker 50-40 Per cent 

Phoebe 


Mourning Dove 
Black-capped 
Chickadee 
Cedar Waxwing 
Crested Flycatcher 


Purple Martin 


70-60 Per cent 
Catbird 

Robin 

Yellow Warbler 
Song Sparrow 
Wood Thrush 
Red-eyed Vireo 


Less than 40 Per cent 
English Sparrow 


Of the eight species in the most suc- 
cessful two groups, six build nests in 
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cies is not adequate for reliable rating of 
their chances for successful nesting. Of 
the seventeen species with success rat- 
ings of 70 per cent or below, only five 
build nests in cavities or buildings. The 
low rating given for the English spar- 
row is probably not justified because of 
the few records on which it is based. It 
was our common experience to have 
chipping sparrows and cedar waxwings 
desert on slight provocation, especially 
early in their nesting cycle. Species may 
well differ in their attachment to the 
nest and resistance to disturbance, and 
this factor must be important in the 
likelihood of carrying their nestings 
through successfully. 

The percentage of successful nestings 
by the house wren is greater during the 
first, than during the second, breeding 
period (Table 2). The percentage of fail- 


TABLE 2 


DIFFERENCES IN PERCENTAGE OF NESTING SUCCESS IN THE HOUSE 
WREN BETWEEN THE FIRST AND SECOND NESTING PERIODS 


Percentage unsuccessful while 
Total Percentage 
nests successful | Nest- Egg- Incu- — 
building | laying bating in nest 
First breeding period 
May-June 737 89 2.9 2.0 3.5 2.4 
Second breeding period 
July-August 319 80 3.4 4.1 9.1 3.4 


boxes, cavities, or in crannies on or in 
buildings. Such situations appear es- 
pecially favorable as has been shown 
also by Kalmbach (1939) and others. Of 
the two exceptions, the Baltimore oriole 
nests at the end of inaccessible branches 
high above the ground, while the posi- 
tion of the cardinal in this group is sur- 
prising as it nests in bushes or trees as 
do most of the species in lower groups. 
The number of records for several spe- 


ures during the second, is 82 per cent 
greater than during the first, period. 
The fairly large number of nests re- 
corded would appear to make this dif- 
ference significant. Reasons for such a 
difference are difficult to find, and the 
only correlation that can be made at 
this time is with the gradually decreas- 
ing reproductive urge and interest dur- 
ing the second period, which is evident 
also in other respects. 
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Agents causing nest destruction were 
difficult to determine with any degree of 
certainty in most cases. Ninety-five 
times females deserted an intact nest 
for unknown reasons. Eleven times the 
nest contents were destroyed by house 
wrens, in all but one instance, eggs 


TABLE 3 


AVERAGE RATE AT WHICH NEST 
FAILURES OCCURRED DURING DIF- 
FERENT PHASES OF NEST 


HISTORY 
Esti- 
Phase age of a destruc- 
phase in 
days y 
Nest-building 12.0 5 2.4 
Egg-laying 8.8 4 2.2 
Incubating 15.3 13 1.2 
Young in nest 8.1 16 0.5 


rather than young birds. Red squirrels 
(Sciurus hudsonicus) were involved five 
times, and five times nests were washed 
down by rainstorms. Heavy winds were 
destructive in four instances. Female 
house wrens were found dead on the 
nest three times with an egg part way 
down the oviduct. Twice each, eggs and 
young were destroyed by English spar- 
rows and pilot black snakes (Elaphe 
obsoleta), and single nests were de- 
stroyed by the starling, white-footed 
mouse (Peromyscus leucopus), rat (Rat- 
tus norvegicus), chipmunk (Tamas stri- 
atus), garter snake (Thamnophis), and 
milk snake (Lampropeltis triangulum). 
Cowbirds (Molothrus ater) caused some 
desertions. Ectoparasites were espe- 
cially bothersome to phoebes and 
crested flycatchers, occasionally even to 
the extent of causing the loss of a brood. 

The opinion has long been held that 


birds are more sensitive to disturbance 
early in the cycle of activities at the nest 
than they are later, when incubation be. 
comes well-established, or especially 
after the young hatch. Since nest de. 
struction has been classified in this 
study according to the particular phase 
of nest history in which it occurred, 
quantitative evidence regarding this 
opinion becomes available (Table 3). 
Since the various phases of nest-life are 
of different duration, the percentages of 
failure in each phase are referred toa 
common time unit, the day. Only spe- 
cies with more than a half-dozen records 
of nesting—twenty-four in all—are con- 
sidered. Another person might vary 
slightly the estimated duration of each 
phase of nest-life but this would not 
greatly modify the general decline that 
prevails in the rate at which nest fail- 
ures occur as nesting proceeds. Quite 
possibly the rate of destruction for the 
nest-building phase should be even 
higher than that given, as many par- 
tially built and then abandoned nests 
were undoubtedly overlooked. 

In nests that are destroyed, of course, 
no eggs hatch or young birds survive. 
In successful nests the full number of 
eggs may not hatch nor young develop 
to the flying stage. An analysis of per- 
centage of hatch and percentage of 
young to leave from successful nests 
(i.e. those from which at least one young 
bird fledged) is made in Table 4. Only 
those species are considered for which 
there are records on more than twelve 
eggs, but the percentages of hatch in 
many, if not all, species need further 
verification. The species are listed in the 
order of decreasing percentage of suc- 
cess on an egg to fledgling basis. 

Without going into detailed discus 


sion 
all 
fled; 
? com 
(19% 

for 
witl 
this 
low 
Ca 
| Cs 
Fl 
Re 
PI 
Ye 
Ce 
Sc 
Ci 
M 
C 
B 
W 
P 
C 
ca 
0! 
W 
te 
th 
t 
t] 
t 
t 
8 


rbance 
ne nest 
ion be. 
ecially 
St de. 
n this 
Phase 
‘urred, 
this 
le 3). 
ife are 
of 
d toa 
Spe- 
cords 
€ COn- 
vary 
each 
d not 
> that 
t fail- 
Quite 
yr the 
even 
par- 
hests 


urse, 
vive. 
er of 
velop 
per- 
re of 
nests 
oung 
Only 
vhich 
velve 
+h in 
rther 
n the 
suc- 


sCus- 


sion, the values given for percentage of 
all eggs in all nests to develop into 
fledglings fall within the range of values 
compiled by Nice (1937), Kalmbach 
(1939), and McAtee (1940). The value 
for the bluebird is very low compared 
with results obtained by others and for 
this there is no ready explanation. The 
low effectiveness for the crested fly- 
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in connection with which disturbance 
by outside agents was at a minimum, 
the influence of a different set of factors 
may be studied. If the second and third 
columns of figures in Table 4 are com- 
pared, one finds that in thirteen out of 
sixteen species, the percentage of eggs 
to hatch is greater than the percentage 
of young to leave the nest. In only five 


TABLE 4 
LOSSES IN SUCCESSFUL NESTS AND IN ALL EGGS LAID 


Successful and 
Successful nests only unsuccessful 
nests 

Species Percentage of'| Percentage of |Percentage of all 

Number of| Percentageyoung hatched] eggs laid that | eggs laid that 

eggs laid | hatched | that became | developed into| developed into 

fledglings fledglings fledglings 

House Wren 5,816 93 98 92 79 
Cardinal 16 86 82 71 58 
Catbird 195 92 85 78 55 
Flicker 17 76 92 vg! 53 
Robin 655 86 83 71 50 
Phoebe 157 82 81 66 47 
Yellow Warbler 25 96 69 66 46 
Cedar Waxwing 39 87 96 84 41 
Song Sparrow 184 94 67 63 40 
Chipping Sparrow 92 83 81 67 40 
Mourning Dove 50 92 83 76 38 
Chimney Swift 13 85 73 62 37 
Bluebird 332 84 68 57 34 
Wood Thrush 14 79 58 46 29 
Purple Martin 41 73 47 34 24 
Crested Flycatcher 14 93 33 31 13 


catcher is not based on sufficient rec- 
ords, but the high mortality is blamed 
on the heavy infestation of the young 
with ectoparasites. Hole-nesting birds 
tend to have greater success than do 
those which nest in the open by the cri- 
terion of egg to fledgling ratio as by 
that first discussed. Perhaps the high 
rating for the house wren is due in part 
to the vigorous and continual defense of 
territory by the male throughout the 


season. 
Considering only the successful nests 


instances is the difference between the 
two percentages as low or lower than 5 
per cent so that the differences are prob- 
ably significant. The average percent- 
age of hatch, giving each species equal 
weight, is 86, while the average per- 
centage of young to become fledged is 
75. 
In the house wren the percentage of 
young hatched that was successfully 
fledged is the same for the two breeding 
periods, but the percentage of eggs to 
hatch is higher by a small amount dur- 
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ing the first, than during the second, 
period—94 and 91, respectively. 

In addition to ectoparasites affecting 
the vigor of the young, crowding is also 
important. If all the eggs do not hatch 
within a reasonably short interval, the 
last young to hatch may be outstripped 
in growth by the others and thus be un- 
able to obtain sufficient food. If one of 
the young is a cowbird, it gains an ad- 
vantage, because of larger size, in the 
competition for food brought by the 
adults. Usually mortality is greatest 
during the first few days after hatching. 

Failure of eggs to hatch is largely due 
either to their infertility or, to the death 
of the embryo before full development. 
Occasionally eggs are damaged or acci- 
dentally shoved out of the nest. Suffi- 
cient data were not accumulated from 
which to calculate the percentage of in- 
fertile to addied eggs among those that 
did not hatch, although fragmentary in- 
formation for the house wren indicated 
the proportions may be about half and 
half. The yolk and albumen in infertile 
eggs usually remain clear and distinct 
even after several days of incubation 
but if embryonic development has 
started and then been arrested, the egg 
becomes opaque and foul. 

The differences in percentage hatch 
noted between species must remain of 
uncertain significance until other series 
of data can be accumulated. In those spe- 
cies for which records on more than 150 
eggs are available, the average percent- 
age of hatch varied between 82 and 94, 
with the phoebe, bluebird, and robin, hav- 
ing the lower, and the house wren, cat- 
bird, and song sparrow the higher, values. 

Percentages of house wren eggs that 
did not hatch varied considerably from 
month to month during the breeding 


season (May, June, July) and from one 
year to another. Extreme values were 
0.9 per cent and 19.3 per cent. The 
variations from month to month were 
more extreme than averages from year 
to year and invited analysis. Since fajl- 
ure to hatch was due in the great major. 
ity of cases to infertility or to embryos 
dying after a certain amount of develop- 
ment, reduced reproductive vigor in one 
form or another was indicated. One 
would suppose that this might be mani- 
fested in fewer copulations, less active or 
fewer spermatozoa, less perfect ova, or 
to faulty incubation. Since temperature 
is the environmental factor that varies 
greatest from month to month and is 
known to affect greatly the energy re- 
sources, physiological processes, and he- 
havior of birds, correlations with it were 
attempted by plotting the percentage of 
unhatched eggs each month against the 
mean temperature for that month. 
Thirty-five months’ records are in- 
cluded in Figure 1. 

The average percentage of failure to 
hatch is constant within the tempera- 
ture range of about 58° to 70°F. and 
averages 5.3+1.6. When averages are 
made for five-degree intervals of tem- 
perature, it appears that percentage 
failure to hatch rises with a drop in tem- 
perature to 56°F. and also with a rise in 
temperature to 74°F. when the values 
are 8.5+3.4, and 8.9 +4.4, respectively. 
The differences between these values 
and the average percentage at medial 
temperatures approaches statistical sig- 
nificance, although at the extreme lower 
temperatures the number of records is 
few and at the extreme high tempera- 
tures there is great variability in the 
values for the different months at nearly 
the same temperatures. 
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There must be significance, however, 
in that this range of temperatures 
around 60°F. is again found to be a 
critical point below which the amount 
of reproduction becomes affected. In 
another analysis from an entirely dif- 
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birds were subjected to temperatures 
below 60°F. 

With a rise in the mean monthly 
temperature above 70°F. and with mean 
daily maximum temperatures, 7°-8°F. 
higher, these temperatures became crit- 
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Fig. 1. Relation between percentage of eggs failing to hatch each month and mean tem- 
perature during that month. The crosses are averages for five-degree intervals of temperature. 


ferent point of view (Kendeigh and 
Baldwin, 1937), the amount of breeding 
became reduced below average at night 
temperatures below this same point. 
Likewise, in a study of the relation of 
fresh egg weights to temperature (Ken- 
deigh, 1941), it was found that eggs 
decreased rapidly in size when female 


ical in causing increased failure of eggs 
to hatch. In the other studies just re- 
ferred to, breeding was reduced in 
amount when daily maximum tempera- 
tures reached 80°F. and likewise, the 
weight of eggs laid after days of high 
temperature was found to be much re- 
duced. Probably the chief influence of 
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temperature on fertility and vigor 
would be exerted during the later stages 
in the egg-forming process and the mean 
monthly temperature includes much 
too wide a time period for detailed anal- 
ysis. For instance, much of the egg-lay- 
ing for second broods in 1934 was done 
during the last few days in June and the 
first few days in July when mean daily 
temperatures averaged 80°F. and mean 
daily maxima averaged 88°F. The per- 
centage of these eggs that did not hatch 
was almost double the average, al- 
though the remainder of July was nor- 
mal, with the monthly mean and mean 
maximum temperatures averaging four 
degrees less. To get clearly demonstra- 
ble quantitative evidence for some of 
these hidden physiological and ecologi- 
cal relations is not easy but a relation 
between reproductive vigor and tem- 
perature is at least indicated by the 
facts here presented. 


SUMMARY 


1. Percentage of successful and un- 
successful outcomes in 2,725 nesting at- 
tempts of 51 species of mostly forest- 
edge birds and percentage of all eggs 
laid to develop into fledglings are re- 
ported. 

2. In the house wren, the percentage 
of nests that are successful and the per- 
centage of eggs that hatch are some- 
what less during the second breeding 


period than during the first. 

3. The average daily rate at which 
entire nests are destroyed or abandoned 
decreases with the progress of the nest. 
ing cycle. 

4, The percentage of eggs that hatch 
in successful nests is greater than the 
percentage of young that leave the neg 
after hatching. 

5. The percentage of eggs that are in- 
fertile or addled is low at medial gir 
temperatures but becomes appreciably 
greater at both higher and lower ten. 
peratures. 
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THE DEER OF ALLEGANY STATE PARK, NEW YORK 
Albert R. Shadle and Donald Stullken 


At the Allegany School of Natural 
History, the senior author has for the 
past five years observed the white- 
tailed deer (Odocotleus v. virginianus). 
With the junior author, a more inten- 
sive study was made during the summer 
of 1940, to determine the precise con- 
dition of the herd, and to formulate 
recommendations as to its management. 

The thanks and the appreciation of 
the authors are here extended to many 
students, rangers, and other interested 
persons who reported the location of 
deer remains, and other items of interest 
to the study. They are especially in- 
debted to Chief Ranger Oscar Lindberg 
for his thorough cooperation and gener- 
ous permission to use information that 
has been of great value in this study. 

The triangular 65,000-acre Park, an 


- unglaciated, mountainous region on the 


southern border of New York, is pri- 
marily a wooded area, but contains sev- 
eral hundred acres of abandoned fields 
grown to grass, weeds, bracken, bram- 
bles, and encroaching forest. The sandy 
terrain is well-watered, rough, and va- 
ries in altitude from 1,350 to nearly 
2,400 feet. The south side of the Park 
adjoins a National Forest in Pennsyl- 
vania. 

The forest of maple-beech-hemlock 
and oak-chestnut types is mainly sec- 
ond growth, with occasional small areas 
of mature trees, 

Through the summers of 1936 and 
1937 deer were often seen and from 
these observations, the tracks, and the 
browsed trees, shrubs, and plants, it was 
evident that the animals were common. 
They were in good physical condition 


27 


and they had plenty of food, for summer 
is the season when deer food is most 
abundant. In late spring and early sum- 
mer the deer browsed heavily on jewel- 
weed and brambles (blackberry, and 
both red and black raspberry), but dur- 
ing the latter part of the summer, when . 
the brambles had become tougher and 
when goldenrod was luxuriant, jewel- 
weed and brambles seemed to be less 
used and goldenrod became the princi- 
pal browse. Bracken and maple ap- 
peared to be uniformly used throughout 
the period, and hawthorn in the old 
fields was another constant source of 
food. 

A small test plot of brambles, golden- 
rod, bracken, etc., was watched, and al- 
though it was continually used by the 
deer, the growth much more than re- 
placed the browsing; in August, 1937, 
much of it had not been browsed at all. 

Through the summer and fall of 1937 
the number of deer in the Park was ap- 
parently within the carrying capacity 
of the area. According to the rangers the 
winter seemed to pass normally until 
the time of a very heavy snowfall early 
in 1938, when the consequent yarding 
of the deer resulted in localized over- 
browsing of hemlock. 

During the summer of 1938, browsing 
of the test plot was noticeably heavier. 
The deer did not reach the center of the 
plot, however, and there briars grew to 
the normal height of five to six feet. The 
plot edge was so heavily browsed that 
the brambles and weeds appeared se- 
verely pruned, and the goldenrod 
showed much heavier feeding than in 
previous years. 
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Another evidence of increased deer 
population was the common occurrence 
of signs; small numbers of the animals 
also were frequently seen. 

Although the winter of 1938-39 was 
not particularly severe, the winter 
browsing of the hemlock was much 
more apparent over a wider area. The 
trees showed more definite browse dam- 
age. 

In the summer of 1939 the test plot 
was rather uniformly browsed and only 
a very few central briars exceeded four 
feet in length. The goldenrod was still 
plentiful but the tops of a great many 
plants had been eaten. Deer were much 
more numerous and could readily be 
seen almost anywhere in the Park. 

The winter of 1939-40 was severe, 
deep snow occurring throughout the 
Park, and during this time many deer 
died. The 275 dead animals that were 
found probably did not represent any- 
where near the total loss. 

The mortality was considerably heav- 
ier in some areas than in others. Fawns 
and yearlings made up approximately 
90% of the casualties. The condition 
of the bodies of the dead animals and 
also of numbers of those that survived 
the winter, left little doubt that death 
was largely due to starvation. The nat- 
ural winter food had been exhausted in 
areas where numbers of deer were 
found. Deep snow made travel to other 
parts practically impossible. Browsing 
on the native hemiocks, and upon in- 
troduced evergreens, was devastating; 
it was general and complete as high as 
the deer could reach; and over wide 
areas hardly a living hemlock under six 
feet could be found. An examination of 
the growth rings of the trees killed in 
these overbrowsed areas shows that it 


will take at least twenty-five years, or 
possibly longer, to return the hemlock 
stand to its former condition, even if 
remedial measures are taken immediately, 

In many young hemlocks ten to 
twelve feet high, of which the first six 
or seven feet have been ruined by the 
deer, the porcupines have eaten out the 
whole top, thus completing the destruc- 
tion. The porcupine damage alone 
would usually be slight, but when com- 
bined with that done by the deer, the 
results to young trees were disastrous, 

The summer feeding of 1940 was 
equally alarming. Vegetation on the 
test plot was trimmed down to thirty 
inches or less. In an area of 25 square 
feet, bearing 233 goldenrod plants, 197, 
or 85% were topped; 82, or 35% had 
been cropped twice, and three had been 
browsed the third time. Since it was 
only the eighth of August when this ob- 
servation was made, a great deal of 
topping would have been done before 
frost killed the parts of the plants above 
ground. 

The number of deer seen in the Park 
in the summer of 1940 was amazing. 
On two July evenings during the brief 
time of two hours just before dark, ina 
drive of seven and one-half miles along 
woods and old fields, the writers saw 
and counted forty-nine and fifty-one 
deer, respectively, feeding in open 
places along the road. Seventeen deer 
were in one group and nine in another. 
Deer were often seen around the school 
and frequently wandered in_ the 


grounds. The fawn crop was very good. 
There are three major reasons for this 
recent very rapid increase in the deer 
population of Allegany Park. 
(1) A considerable migration has 
come from Pennsylvania, on the south 
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Park border. This is largely due to hunt- 
ing and to a shortage of winter deer food 
in Pennsylvania. Coming into the Park 
area during the fall and early winter the 
animals are then held there by severe 
winter conditions. The Pennsylvania 
Conservation Commission has reported 
9,000 deaths from starvation among the 
deer in that state during the winter of 
1939-40. 

(2) The large population is partly 
due to the natural increase of deer, un- 
checked by predators. Such increase 
alone would, in a few years, produce a 
herd that would be very destructive to 
the vegetation. Both the first and the 
second factors are operating in Allegany 
Park with alarming results for the vege- 
tation and the deer. 

(3) The almost complete protection 
of the Park deer from hunters has been 
another prime reason for their increase. 

There are several methods by which 


this situation can be quickly remedied 


and eventually controlled. Artificial 
winter feeding has been tried and found 
unsatisfactory because of the wide dis- 
tribution of the deer in the Park area 
and because of their apparent distaste 
for the common hays of the region. Ar- 
tificial feeding is also undesirable be- 
cause it makes the deer dependent upon 
man, 

Trapping and shipping the deer for 
liberation elsewhere is not practical 
here for the numbers are so large that 
the expense would be prohibitive. Such 
work also should be undertaken only by 
thoroughly experienced men, and these 
are not available. 

The following remedies are possible: 

1. To force the excess deer from the 
Park area into the surrounding coun- 
try, a carefully organized deer drive 
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could be carried out under the direction 
of the Rangers or Wildlife technicians. 
If done three or four days before the 
deer season opens, the excess deer from 
the Park would be available to the 
hunters and thus the over-population in 
the Park would be reduced without ex- 
pense to the state, and what is more im- 
portant, without violation of the refuge. 
This solution would be by far the most 
satisfactory one for all concerned, and 
is strongly recommended. 

2. Ranger control of the deer where- 
by the Rangers or another select group 
of men with wildlife training could go 
through the Park and remove about 
50-75% of all the deer by shooting, 
taking young and old, male and female 
alike. Only the best of the stock should 
be saved for breeding, and the num- 
bers remaining should be within the 
winter carrying capacity of the area. 
This is a practical method from the 
standpoint of conservation, but doubt- 
less would be criticized by certain 
groups. 

3. Ranger-controlled hunting which 
would allow small hunting parties of 
civilians led by Rangers to hunt in the 
Park. The Rangers could designate the 
animals to be killed, with proper regard 
to taking out the number and age 
classes of deer that should be removed. 
These figures should be determined dur- 
ing the late fall and summer by men ex- 
perienced in deer management, and who 
have previously determined the winter 
carrying capacity of the area. This plan 
also is open to criticism as violating the 
sanctuary status of the Park. 

4. The fourth measure of control 
would be an open hunting season; it 
would have to be carried on under the 
strictest regulations, rigidly enforced. 
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These would include complete checking 
of hunters and their kills, to provide 
data that would serve as a guide for 
future years. Authorization to provide 
for such hunting would be difficult to 
obtain. This is a State Park and a Wild- 
life Sanctuary, and an open hunting 
season would surely destroy its sanctity 
for years to come, yet it is clearly evi- 
dent that something must be done im- 
mediately to correct the existing over- 
crowding of deer and over-browsing, or 
both the deer and the environment will 
suffer damage beyond the power of man 
to repair. Until the summer of 1940, 
the authors have been absolutely 
against this last recommendation. 
Keeping in mind, however: (a) Last 
winter’s starvation casualties, (b) the 
emaciated, weak condition of the young 
deer that barely got through the winter, 
(c) the marked damage to the winter 
deer food, and (d) over-browsing of cer- 
tain areas even in summer, they have 
finally and unwillingly been forced by 
the conditions to consider an open sea- 
son, if none of the other recommenda- 
tions can be put into effect. Only heroic 
measures will now prevent in this area, 
a repetition of experiences in other 
states, where failure to recognize danger 
signs has resulted in vast destruction of 
both flora and fauna. 


SUMMARY 


1. The observations cover the period 
July, 1936 to mid-August, 1949. 
2. The unusually rapid increase of 
deer (Odocoileus v. virginiana) has 
been due to: 
(a) Migration from Pennsylvania. 


(b) Natural increase unchecked 
by predation. 

(c) Virtually complete protection 
from hunters. 


. Results of the rapid increase haye 


been: 
(a) Increase of deer beyond winter 
carrying capacity of the area, 

(b) Consequent over-browsing of 
winter deer foods particu. 
larly, and of some summer 
foods also in certain areas, 

(ec) Distinct damage to ever. 
greens, both native and intro- 
duced. 


. Possible control measures: 


(a) A regional deer drive to force 
the excess deer out of the Park 
before the hunting season 
opens in the fall. 

(b) Control by Rangers and men 
trained in wildlife manage- 
ment. 

(ce) Small hunting parties under 
Ranger direction to take out 
deer to the number pre-deter- 
mined by careful study and 
counts by specialists in deer 
management. 

(d) Open season in area, with 
rigid enforcement of strict 
regulations as to numbers, 
ages and sexes to be removed, 
this to be determined after com- 
petent study by one or more 
specialists in deer manage- 
ment. 

(e) Something to be done im- 
mediately to prevent further 
excessive damage both to food 
sources and to the deer herd. 


Albert R. Shadle 
Donald Stullken 
Biology Department 
University of Buffalo 
Buffalo, New York 
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USE OF DEN BOXES IN WILDLIFE RESTORATION 
ON INTENSIVELY FARMED AREAS! 


Robert E. Hesselschwerdt* 


Natural tree cavities are scarce and 
in some places entirely lacking on the 
intensively farmed black-soil prairie of 
Illinois. Despite this scarcity, however, 
such cavity-using species as the fox 
squirrel and screech owl occur in small 
numbers, even though forced to depend 
on leaf nests, barns, deserted farm- 
houses, and similar den or nest sites. 
Recently, the potential value of nest 
boxes has been demonstrated in wood 
duck management along the [Illinois 
River (Hawkins and Bellrose, 1941), in 
which other species were incidentally 
involved. After nearly two years of up- 
land study, it is now apparent that den 
boxes are even more useful in wildlife 
management on prairie farms, where 


- natural tree cavities are almost absent 


but where conditions are otherwise suit- 
able for cavity-using mammals and 
birds, 

This paper reports the results of a den 
box study on the Urbana Township 
Wildlife Restoration Area, and is a part 
of the research being conducted under 
Illinois Federal Aid Project 4-R. 
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AREA 


The Urbana Township Wildlife Res- 
toration Area, a study unit of 4 square 
miles, is located in Champaign County, 
Illinois. It is typical of the best Illinois 
cornbelt farmland (Plate 1), where 
trees are scarce and exist only in fence- 
rows, hedges, and orchards, and in a 
very few overgrazed wood lots. This 
area exhibits typical features of the 
prairie region; broad cultivated fields, a 
railroad, an average-sized wood lot, a 
gravel pit, an orchard, a deserted home- 
stead, and several tall Osage-orange 
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hedges. The land is drained by tiles 
leading to open drainage ditches. An in- 
telligent class of people farm the land 
and value it from $100 to $250 per acre. 

Most important of the cavity-using 
animals now present on the area are 
fox squirrels, opossums, screech owls, 
and sparrow hawks. The screech owls 
and sparrow hawks are valuable as 
small rodent controls, and are so con- 
sidered by the farmers. 


DESCRIPTION AND LOCATION 
or Den Boxes 


During November, 1939, 56 den 
boxes were installed in fencerow trees, 
hedges, and a woodlot on the project 
area. The type of box used (Plate 2) 
was designed mainly for squirrels and 
opossums. Constructed of 1-inch rough 
cypress lumber, each box is 3 feet deep 
and 10 inches square inside. The tops 
are removable to permit easy inspection 
from time to time. In order to admit 
opossums, the entrance holes were made 
5 inches in diameter, although an en- 
trance 3.5 inches in diameter is large 
enough for fox squirrels. Entrances were 
located 4 inches from the top of the box 
and adjacent to the side to be attached 
to the tree. The boxes were fastened in 
place by drilling small holes in one side 
through which spikes were driven into 
the tree trunk. In Osage-orange hedges 
(Plate 3) it was necessary, upon several 
occasions, to wire the boxes in place. At 
the time of installation, nesting mate- 
rial of dry blue grass was placed in some 
of the boxes while dry leaves were 
put in others. 


Use BY WILDLIFE 


A wider variety of wildlife made use 
of the boxes than was originally antici- 


pated. The following seven groups wer 
recorded during the first 10 months: 


Mammals Birds Insects 
Fox squirrels Screech owls Honey bees 
Opossums Sparrow hawks Bumblebegg 
Prairie deer 

mice 


The boxes were examined thoroughly 
each quarter, beginning with the winter 
of 1939 and continuing through the 
spring, summer, fall, and winter of 
1940. Some of the most successful boxeg 
were visited more frequently. These sea. 
sonal inspections have yielded positive 
data from which the value of the boxeg 
may be determined. Table 1 presents 
number of the more interesting records, 

Several of the boxes were inhabited 
by as many as three different specieg 
during the year. For example, box num- 
ber 52, located in a small locust grove 
in a country schoolyard, had a for 
squirrel in it on March 1; on May6 
there was a brood of three young screech 
owls with both parents present; and on 
July 11 a female sparrow hawk was 
found in the box with a brood of five 
downy young. A few of the boxes, such 
as number 20, were used constantly by 
fox squirrels, but generally each specieé 
used a box only for a short period as for 
nesting or for day time shelter, appar 
ently in no definite sequence or sue 
cession. The following discussion of the 
use made of the boxes is presented by 
species, in the order of their tendenciéé 
to inhabit the dens. 


Fox SQUIRRELS 


Fox squirrels used boxes placed ing 
woodlot where natural cavities wet® 
abundant. Fifteen boxes were placed iff 
an old locust, walnut, and cottonwoohwa™ 
planting, where at least 18 good natural 
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TABLE 1 
DEN BOX RECORDS FOR THE FIRST YEAR 


First survey 
Dec. 19, 1939 


Second survey 
March 1, 1940 


Third survey 
May 6, 1940 


Fourth survey 
July 11, 1940 


Fifth survey 
Sept. 15, 1940 


Sixth survey 
Dec. 30, 1940 


squirrel sign 
(hair, twigs) 
squirrel nest 


squirrel nest 

screech owl pel- 
ets 

screech owl pel- 


lets 
empty 


screech owl 
(gray phase) 


Peromyscus 2 
adults 

fox squirrel 
present 

screech owl 
(gray phase) 

empty 

squirrel nest 


screech owl sign 
(pellets) 


screech owl 
(gray phase) 


screech owl (red 
phase) 
squirrel nest 


squirrel nest 


screech owl (red 
phase) 
screech owl 
(gray phase) 
4 yg. fox squir- 
rels 1 week old 


squirrel sign | 
(leaves, twigs) 


empty 


screech owl (red 
phase) 


screech owl 
(gray phase) 
fox squirrel 
present 
squirrel nest 
empty 


2 adult screech 
owls (1 red, 1 


sparrow hawk 
nest (5 eggs) 
4 yg. fox squir- 
rels and female 
empty 


4 yg. fox squir- 
rels and female 

22 screech owl 
pellets 

4 yg. fox squir- 
rels (same lit- 
ter) 


6 yg. screech 
owls (adult 


adults—1 red, 
1 gray 

5 ye. screech 
ow 


(1 red 
adult) 


sparrow hawk 


owls (2 adult 
red and gray) 
fox squirrel 
present 
4 ye. screech 
owls (1 gray 
adult) 
screech owl sign 


squirrel nest 
empty 
empty 
squirrel nest 
squirrel nest 


empty 


wild bee swarm 


empty 


empty 


1 yg. sparrow 
hawk—dead 

5 yg. sparrow 
hawks 


bumblebees 


Peromyscus (2 
adults) 


bumblebees 


squirrel nest 
squirrel nest 
adult opossum 
squirrel nest 
screech owl sign 
(pellets) 
2 yg. fox squir- 
rels with fe- 
male. Young 
about half 


Town 
wild bee swarm 


empty 


new squirrel 
nest 


new squirrel 


nest 
screech owl (red 
phase) 


bumblebees 


screech owl 
(gray phase) 


bumblebees 


new squirrel 
nest 

old squirrel nest 

fox squirrel 
present 

fox squirrel 
present 

empty 


fox squirrel 
present 


removed 


new squirrel 
nest 


fox squirrel 
present 
squirrel nest 


new squirrel 
nest 


empty 


screech owl 
(gray phase) 


empty 


gray) 


dens were known to exist. On May 6, 
two of the boxes each held litters of four 
young squirrels; and twelve of the 15 
boxes contained squirrel nests. 

Squirrels definitely preferred the dry 
grass for nest material, and in each in- 
stance in which young fox squirrels were 
found, they were in nests made of the 
dry bluegrass placed in the boxes at the 
time of installation (Plate 4). Five lit- 
ters were found in the 56 boxes during 
the year. Three of these contained four 
young, and two contained two young 
each, making a total of 16 young, or an 
average of 3.2 per litter. Box number 
20, located in a walnut tree near an old 
orchard, harbored two different litters 
during the rearing season. The first was 
found on March 1, at which time the 
young appeared to have been about one 
week old. The second litter in this box 


was the latest of the season. It con- 
sisted of two young that were almost 
half grown on September 15. Appar- 
ently these young squirrels had never 
been out of the box. They made no at- 
tempt to escape while they were being 
examined, and even refused to leave 
when they were helped up to the en- 
trance hole. Both litters were appar- 
ently by the same mother. It required 
12 to 14 weeks for the young fox squir- 
rels to equal adults in weight. 

Several boxes were placed in isolated 
trees far from any wood lot or timbered 
area. Fox squirrels built nests of grass 
and green leaves in two such boxes lo- 
cated where no squirrels had ever been 
seen before. This observation confirms 
fox squirrel movements of as much as 
three-fourths of a mile, presumably along 
fencerows and hedges, and indicates 
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that den boxes may encourage these 
squirrels to extend their range. The 
principal winter foods of the fox squir- 
rels are corn and Osage-orange fruits, 
search for which may account in part 
for their long excursions about culti- 
vated lands. 


ScrEEcH OWLS 


Within two days after the boxes were 
placed, screech owls began using them. 
By means of banding, it was found that 
individual owls may choose a box and 
establish a territory around it, occa- 
sionally using other boxes included 
within that territory. In a few instances 
the same owl used a single box during 
the whole year. In other instances 
screech owls and fox squirrels seemed to 
compete for dens. It was not uncommon 
to find a screech owl in a box that also 
contained a squirrel nest. 

The color-phase ratio of the owls 
found in the boxes varied from season 
to season. The first winter survey 
showed a 50-50 ratio of the red and the 
gray, while the March survey revealed 
twice as many reds as grays. Then 
during the nesting season, as shown in 
the May survey, the ratio was again 
balanced. In every instance in which a 
pair of owls was found in a box with 
eggs or young, one adult was red and 
the other gray. The color ratio changed 
again in the fall to a dominance of reds, 
3 to 1, but the following winter survey 
again showed an even ratio of 4 reds to 
4 grays. 

Another interesting fact regarding 
screech owls was that sometimes when 
the adults were found in the boxes, es- 
pecially when they were incubating 
eggs, they would “play possum” and 
allow themselves to be handled without 


so much as blinking an eye. However, 
when laid on the floors of the boxes on 
their backs they immediately righted 
themselves and stared up with wide. 
open, unblinking eyes. 

Five broods of screech owls, totaling 
22 young and averaging 4.4 to the 
brood, were found in the boxes during 
the May survey. The color ratio of the 
young was 12 reds to 10 grays. At the 
time of hatching, the adult owls stored 
up a supply of food in the boxes. One 
such box contained five house mice 
heaped in a corner. Two of the mice had 
been partially eaten, but the other three 
were entire and freshly killed. This par- 
ticular box was near a deserted home- 
stead and corn crib. 

Feathers of small birds were found 
occasionally in boxes used by screech 
owls during the winter. Miscellaneous 
sparrows, juncos, and starlings were the 
only species identifiable. Most of the 
pellets taken from the boxes in winter 
were made up of mice and shrew re- 
mains, while those collected during the 
spring and summer consisted almost 
entirely of insect debris. 


Sparrow Hawks 


Sparrow hawks nested in three of the 
boxes. Each nest contained five eggs, 
and every egg hatched. Two nests were 
successful, producing a total of nine 
young of flying age. The third nest was 
destroyed by some predator (squirrel or 
opossum) when the fledglings were two 
weeks old. Seven sparrow hawk pellets 
found in these boxes were composed al- 
most entirely of mouse remains. 


OpossuMS 


Opossums were present on the area 
before the boxes were installed, but 
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there were no records of their using tree 
cavities for daytime dens. All previously 
observed opossums were found along 
the drainage ditches where stray dogs 
occasionally dug them out of dens in the 
banks. The first opossum record was 
not obtained until nearly ten months 
after the boxes were installed, but by 
the early part of the second winter at 
least six of these animals were noted. 
All the boxes used by this species were 
in Osage-orange hedges, and most of 
them contained bulky nests of corn 
shucks and leaves. One opossum was 
found dead in a box but the cause of 
death could not be determined. These 
animals did not use any one box for any 
length of time, and most of the usage 
was for daytime denning. They seemed 
to show little preference for the boxes 
over dens in the ground. 

Two opossum droppings were col- 
lected, and in both, the seeds and 


_ calyces of the ground cherry (Physalis 


subglabrata) made up a large percentage 
of the contents. Parts of a shrew also 
were found in one dropping. 


DeEER 


Prairie deer mice (Peromyscus man- 
iculatus) were found in 14 of the boxes. 
One pair built their nest in a box 24 
feet up in a hackberry tree. In most in- 
stances the mice were captured by 
screech owls but some were so insistent 
upon using the boxes that two litters 
were born and reared without being 
removed by owls. No Peromyscus were 
found in the boxes during the second 
winter. 


BrEEs 


Swarms of honey bees took over three 
den boxes during the latter part of June. 


All these boxes were removed the fol- 
lowing winter and the bees given to the 
University of Illinois for study. The 
three boxes produced a total of 112 
pounds of honey, which was divided 
among the people living on the area. 
Bumblebees in small colonies moved 
into five boxes during the late summer. 
Apparently no other species attempted 
to use the dens while the bumblebee 
colonies were present; however, the 
bees left the boxes before winter, and 
in some cases, other life then moved in. 


SuMMARY OF USAGE 


Table 2 presents a summary of the 
use made of the boxes. Use was greatest 
and the number of occupants was high- 
est during the breeding and rearing 
season. Sixty-eight individual animals 
occupied the boxes on May 6, as com- 
pared to 18 (counting 3 bee swarms as 
units) on July 11, and 19 on September 
15. Thus it appears that the nests are 
serving the main purpose intended, 
even though 20 per cent of the individ- 
uals present on May 6 were deer mice. 
Winter utilization of the boxes has not 
yet been satisfactorily studied. 

Sufficient time has not yet elapsed to 
permit quantitative evaluation of the 
boxes in effecting population increases. 
This is due partly to the absence of 
exact census data on fox squirrels, 
screech owls, and sparrow hawks at the 
time the study was begun. There was a 
noticeable increase of fox squirrels 
along Osage-orange hedges during the 
first year and the woodlot population 
appeared to show a slight increase. 
Eight squirrels were reared in the wood- 
lot boxes. At least 3 were killed on a 
bordering highway; and there may have 
been some predation or other cause of 


| 
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mortality. Some squirrels may have left versation of the speculative sort. Later, stt 
the woodlot to spend more time in when use became evident, farmers often les 
hedgerow boxes which offered shelter excitedly reported to the leader of hay- stt 
nearer to a supply of corn. It is almost ing seen a screech owl sitting in the Ok 
certain that squirrels increased over opening of a box, or a squirrel entering cal 
their 1939 numbers. or coming out of one. One farmer, bri 
Although 22 screech owls and 9 spar- after observing use by squirrels, made fol 
row hawks were reared in the boxes, the several boxes from old lumber and put 
late fall and early winter populations of them up in trees around his home. A 
TABLE 2 | 
SUMMARY OF DEN BOX USAGE, NOVEMBER, 1939-DECEMBER, 1940 ro" 
Number of Boxes, Individual Animals, and Dates of ‘Inspection - 
Wildlife use | Dec. 19, 1939 | March 1,1940| May 6, 1940 | July 11, 1940 | Sept. 15, 1940 CS 30, 1940 = 
Animals present |Boxes — Boxes Boxes} Individuals |Boxes Boxes [Boxes an 
Fox squirrels 4 |4adult| 5 | 5adult| 8 | 5adult 1 | ladult | 2 | 3adult/ 9 | 9adult | 
4 young 14 young 2 young 
Opossums 2 2 5 | 5 adult wh 
Deer mice 4 6 5 9 4 | 6 adult 2 | 3 adult 
8 young yo 
Screech owls 10 | 5red 12 | 8red 9 | 6Gred (ad.)| 1 1 red 4 | 3red 8 | 4red , 
5 gray 4 gray 6 gray (ad.) 1 gray 4 gray dif 
22 young 
Sparrow hawks 2 | lad.female} 1 1 adult the 
10 eggs 5 young 
Honey bees 3 | swarms; 3 | swarms} 3 | bees re- sec 
moved 
Bumblebees + nests 5 nests by 
Animals’ signs | | 
Fox squirrel nests| 4 9 9 1l 20 7 ce] 
Other fox squirrel] 5 2 1 2 
signs rel 
Screech owl pel-| 9 10 9 4 2 3 
ets mé 
Miscellaneous 1 2 1 1 1 ' 
No wildlife use | 19 13 | 13 27 17 18 we 
Totals | 56 20 | 56 | 30 | 56 68 56 | 18 | 56 19 | 56 22 ie 
av 
neither appeared noticeably higher than school teacher requested that a box be a 
for the preceding year. By means of _ installed in a tree in the country school- a 
banding, it was found that half of the yard so that it could be watched by the on 
owls found in the boxes during the first pupils. Box number 52 was promptly 
winter were present the second, while moved to the schoolyard grove and ~ 
new individuals made up the other placed in a locust tree, where it could th 
half. be observed from the schoolroom. It be- Me 
Sintiiaiiiias came one of the most successful boxes, 0} 
as may be noted in the table of box 
The reaction of the people living on _ records. 
the area to the den box experiment has The boxes have also proved to be a 
been most interesting. Immediately valuable aid in censusing squirrels, 
following installation, there was some screech owls, and opossums. For work- 
mild skepticism and considerable con- ers who wish to make life-history 


studies of these and similar species, at 
least on areas such as the one here being 
studied, boxes would be very helpful. 
Observations on food and nesting habits 
can be made easily, and the litters or 
broods of young are readily accessible 
for marking or banding. 


SUMMARY 


Fifty-six den boxes placed in fence- 
row trees, hedges, and a woodlot on a 
four-square-mile area of intensively 
farmed land in Champaign County, 
Illinois, were utilized by seven kinds of 
animals during the first year. 

Fox squirrels used 38 of the boxes, of 
which 4 contained 5 litters totaling 16 
young and averaging 3.2 per litter. Two 
different litters were born in one box, 
the first appearing in March, and the 
second in August; both apparently were 
by the same mother. 

Dry blue grass proved to be an ac- 
ceptable nesting material for fox squir- 
rels, and all young were born in nests 
made of this material. 

Twenty-nine boxes were occupied by 
screech owls. Five broods were found 
during May, totaling 22 young, and 
averaging 4.4 per brood. A gross pellet 
study showed that the food of this owl 
on the area consisted chiefly of mice 
and insects. 

Six different opossums frequented 
boxes in Osage orange-hedges during 
the second winter. Most of these ani- 
mals had made nests of corn shucks. 
Opossums used the boxes for daytime 
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dens and did not manifest a definite 
preference for any particular location. 

Three sparrow hawk nests found in 
the boxes contained five eggs each, and 
every egg hatched. Nine young hawks 
left the boxes safely; five were killed 
in one of the nests by some predator; 
and one was found dead from an un- 
known cause. Seven pellets taken from 
one sparrow hawk nest were composed 
of mouse remains. 

Deer mice (Peromyscus) inhabited 14 
boxes. In most instances they were re- 
moved by screech owls, but two litters 
of four each were noted. No Peromyscus 
were using the boxes during the second 
winter. 

Honey bees occupied three boxes after 
late June, and produced a total of 112 
pounds of honey. Small colonies of 
bumblebees monopolized five boxes dur- 
ing the late summer months, but moved 
out before winter. 

Only two of the 56 boxes showed no 
usage at all during the first year. 

The den boxes proved to be an aid in 
censusing fox squirrels, opossums, and 
screech owls. 

The people living on the area ac- 
cepted the boxes favorably and with 
much interest. 
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A METHOD FOR WILDLIFE MANAGEMENT 
MAPPING IN FORESTED AREAS! 


William L. Webb 


Wildlife management on _ forested 
areas must in most cases be effected by 
controlling the floristic portion of the 
environment. It is obvious that this 
control should be based on accurate 
and detailed knowledge of plant dis- 
tribution and abundance. Such infor- 
mation can be obtained only by the use 
of scientific methods that provide ac- 
curate and detailed information, not 
that based on the mental impressions 
or previous experience of the person 
who does the field work. 

The wildlife manager attempts to 
provide satisfactory environments for 
the managed species at each season of 
the year, for each of the activities of the 
species (resting, sleeping, nesting, brood- 
ing, feeding, mating, etc.), as well as for 
both sexes, and all the age classes 
within the population. Such control of 
wildlife environments is most commonly 
obtained by increasing the quantity of 
certain foods and coverts, by changes in 
the quality of certain of these elements, 
or by altering their juxtaposition (King, 
1938) to provide a more productive 
“pattern” within the cruising radius of 
the animal species present. Whatever 
the method of control employed, the 
present status of the environment must 
be studied before effective management 
procedures can be recommended. Such 
studies are of vital importance to the 
success of a_ wildlife management 
plan. 


1 Paper No. 8 of the Scientific Journal 
Series of the Roosevelt Wildlife Forest Ex- 
periment Station, New York State College 
of Forestry. 
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Wildlife environments are commonly 
spoken of as a whole. In reality, they 
are made up of a large number of sepa- 
rate, though inter-related parts. The 
floristic portion of the environment, for 
example, can be divided into plant com- 
munities, and these in turn may be sub- 
divided by plant species. Certain of 
these species are prominent members 
of the environment either because of 
their size or abundance. Although these 
dominant and predominant species 
form the “character” of the community, 
it does not necessarily follow that they 
are the most important part of the en- 
vironment so far as wildlife is con- 
cerned. Many plants non-dominant in 
size or present in small numbers are of 
great importance to wildlife. Ruffed 
grouse in the northern portions of their 
range, for example, are dependent on 
the buds of aspen or birch for their 
winter food supply, even on areas where 
these species are present in minimal 
numbers. The grouse are also dependent 
on the presence, abundance, intersper- 
sion, and juxtaposition of many other 
plant species that supply needed foods 
or coverts for particular seasons, age 
classes, or activities (King, 1937). All 
these requirements may be met by non- 
dominant plants. 

Ultimately it is hoped that the wild- 
life manager will have at his disposal 
what might be called a “yardstick” 
with which he can compare the environ- 
ments he manages. Three possibilities 
present themselves: the yardstick may 
be: (1) The present population of the 
animal species as compared with the 
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maximum or optimum population, (2) 
the productivity of the species on a par- 
ticular area as compared with maximum 
productivity, or (3) the environments 
themselves may be compared with en- 
vironments that produce optimum pop- 
ulations or maximum productivity. 
The use, as yardsticks, of animal 
populations or of the productivity of 
such populations is certainly measuring 
the value of the environments in which 
the wildlife lives. Knowing that popula- 
tion or productivity is low, the wildlife 
manager is still faced with the problem 
of determining what changes in the en- 
vironment will improve the productiv- 
ity and the population. In certain cases, 
the control of predators may be the 
solution, but in many others, the popu- 
lation can be raised only by changes in 
the plant environment. In those in- 
stances, the wildlife manager may com- 
pare the area to be managed with an- 


’ other of known value to determine 


significant differences in plant distribu- 
tion, abundance, and pattern. 

The determination of improvement 
procedure by comparing the floristic 
composition of two areas must be pre- 
ceded by an accurate survey of the 
distribution, abundance, and pattern of 
the plant species. Such a survey (often 
called a mapping method) should pre- 
sent the data in a form that makes com- 
parison possible. Some of the more im- 
portant requirements that should be 
satisfied by a mapping method are: 

1. The method should provide data 
that will indicate the floristic composi- 
tion of the environment, not a mere list 
of the dominant plants, as, in many 
cases, species present in minimal 


amounts are essential to wildlife. 
2. The abundance or quantity of all 
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the plants of the environment should be 
included, in addition to data on their 
distribution. Quantity may limit an 
animal population as effectively as poor 
distribution of foods and coverts. 

3. The method must be rapid enough 
to make it economically sound, but in 
no instance should the gathering of es- 
sential data be neglected to speed up 
the work. 

4. The method should be flexible 
enough to allow for unforseen condi- 
tions. 

5. Intensive or extensive mapping 
by the method used should give com- 
parable results, so that data from inten- 
sive research can be correlated with that 
gathered for use in practical manage- 
ment. 

6. The method must be so standard- 
ized that the work of different men will 
be entirely comparable. 

7. Where possible, the data should be 
presented in the form of numerical 
designations to facilitate comparisons. 

It is believed that the method of 
mapping here proposed satisfies these 
requirements. Data from the more than 
4,000 acres of forested land that have 
been mapped provide a detailed and 
accurate picture of the environment. 
Study of these data indicates both the 
quality and quantity of food- and cover- 
producing plant species, as well as the 
distributional pattern of foods and 
coverts. 


Fretp Work 


The proposed method of floristic 
mapping is based on the study of the 
vegetation on a number of sample areas 
selected according to a predetermined 
pattern. Two types of data are taken 
on each sample: (1) The quality of the 
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food and cover is indicated by listing 
the plant species present, and (2), the 
quantity of each species is given as a 
relative density which denotes abun- 
dance. 

Although the actual number of plants 
of each species would furnish accurate 
information on abundance, counting 
them is too time-consuming to be prac- 
tical. Instead the relative amount of 
area covered by the leaves is estimated. 
Four density classes are recognized: 

(1) Density trace—leaves cover less 
than 1/80 of the area of the plot. 

(2) Density one—leaves cover 1/80 
to 4 of the area of the plot. 

(3) Density two—leaves cover } to 
2 of the area of the plot. 

(4) Density three—leaves cover more 
than 3 of the area of the plot. 

The determination of these relative 
densities becomes more or less mechani- 
cal with practice, and it has been found 
that two or more men seldom disagree 
on the density of a particular plot, or 
on the density of an individual species 
(unless the coverage is close to 4 or 2 
of the area of the plot). 

The accompanying photographs 
(Plates 5-6) illustrate these density 
classes, as applied to dwarf dogwood or 
bunchberry (Cornus canadensis). 

The size of the sample areas is gov- 
erned by that of the plant species. In a 
forested area, three types of vegetation 
may be recognized: trees, underbrush, 
and ground cover. Current practice is 
to record the trees present on a circular 
plot 22 yards (one surveyor’s chain) in 
radius, the woody underbrush species 
on a square plot 3 yards on a side, and 
the herbaceous ground cover on a plot 
1 yard square. It has been found ad- 
vantageous to record the relative den- 
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sity of each of these classes of vegeta. 
tion as well as the relative density of 
each species. On the tree plot, the den- 
sity of pole-, sapling-, and mature-sized 
trees of each species also is given. An 
example of the field notes follows. 


Plot number 16 
Tree density—3 


rere density 1 

density 1 

Underbrush density—2 
Ground cover density—2 

dwarf dogwood.............. density 2 

density 1 


The intensity of the mapping may be 
varied by increasing or decreasing the 
number of sample areas. In this study, 
the following intensities have been used: 
81 plots per 40 acres, 75 plots per 40 
acres, 49 plots per 40 acres, and 25 plots 
per 40 acres. Each intensity gave com- 
parable results with a loss of detail as 
the number of plots was reduced. No 
“optimum intensity’ of mapping has 
been found. While wildlife research re- 
quires intensive data, a wildlife man- 
agement project usually needs a less 
intensive and more extensive study. 

Although the field work involved in 
gathering the data is not difficult, it is 
time-consuming. A well-trained crew of 
two men can complete 100 or more 
sample plots per day in heavily wooded 
country. This would mean that exten- 
sive mapping could be completed on 
approximately 160 acres per crew per 
day. Compared with the speed of the 
other methods of mapping, this is 
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Upper: Density Trace. 
Lower: Density One. 


{ 
4 

3 

+ 

A 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 6, No. 1, JANUARY 1942 


Upper: Density Two. 
Lower: Density Three. 


PLATE 6 


rather slow, but it is believed that the 
added time spent in the field is justified 
by the volume of information obtained 
on the wildlife environments. 


ANALYSIS OF THE DaTA 


The field data must be presented in 
a manner that will facilitate accurate 
analysis of the distribution and abun- 
dance of the various plant species, and 
which will permit comparisons between 
two or more areas. Tabular, graphic, 
and statistical methods of presentation 
have been attempted. 

The tabular method is merely the 
preparation of tables that provide a 
place to record the plant densities ac- 
cording to species and plot numbers. 
Although these tables present all the 
data in convenient form, they do not 
give a clear picture of the environment, 
and they do not provide a method of 
comparing more than the gross differ- 
- ences and similarities of several environ- 
ments, 

The graphic method presents the 
data on each plant species in the form 
of a map that shows the presence and 
relative density of the species over the 
area. Although these “species distribu- 
tion maps” do show the distribution 
and abundance of each species, their 
use has several disadvantages: 

1, The preparation of the maps is 
time-consuming. 

2. The analysis of the data is difficult 
because the composition of the plant 
community can be determined only by 
superimposing the maps. This becomes 
virtually impossible when more than 
two or three plant species are involved. 

3. Quantitative comparisons of the 
plant composition of one area with 
that of another tract are not feasible. 
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These disadvantages would seem to 
preclude the use of species distribution 
maps except for a few highly important 
species or in intensive wildlife research. 
Correlations of seasonal animal distri- 
bution with that of certain plant species 
or plant communities is an aim of wild- 
life research that may be realized by the 
use of species distribution maps. In 
actual management, the distribution 
and abundance of the most important 
food- and cover-producing plants could 
be mapped to determine what changes 
in quantity or pattern would be bene- 
ficial to the wildlife. 

The statistical method of presenta- 
tion is preferred because it provides a 
clearer picture of environmental com- 
position and facilitates comparisons of 
areas. The value of a plant species to 
wildlife is governed by two considera- 
tions: (1) The distribution of the species 
over the area, and (2) the abundance 
of the plant where it is present. Nichols 
(1918) attempted to summarize these 
two factors by using two symbols, the 
first to indicate distribution and the 
second abundance. Thus, white pine 
OC, denotes that the species is seen only 
occasionally over the area, but where 
present it is common. 

Plant ecologists have long used 
Raunkiaer’s frequency index as a meas- 
ure of plant distribution. Logically the 
wider the distribution of a plant spe- 
cies, the larger the number of plots in 
which the species is present, and the 
higher the frequency index. Gleason 
(1920) has suggested that “if each plant 
could be further weighted by a multi- 
plier expressive of its size [or abun- 
dance], a better index would doubtless 
be obtained.” It is believed that the rela- 
tive density can be used as such a “‘mul- 
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tiplier” and that the resulting numerical 
designation would indicate both the 
distribution and abundance of the plant 
species. This numerical designation is 
called the “rating.” 

The determinations of the ratings 
are not difficult. For ease of interpre- 
tation, the maximum rating should be 
100 no matter how many plots are con- 
sidered. 


Rating=PXDXK 


where: 

P=the number of plots on which the 
species is found. 

D=the average density computed by 
dividing the summation of the densities 
(£) by the number of plots on which the 
species is found (P). 


K= 100 
total plots X3 


This figure is a constant as long as 
the total number of plots remains the 
same. Its use makes the maximum rat- 
ing 100. 

Algebraically, R=PXDXK may be 
reduced to 


R=EK. 


An application (showing £) is given 
below: 
If a plant species is present on 6 of 10 
plots: 
plot 1—density 2 
plot 3—density 2 
plot 4—density 1 
plot 5—density 2 
plot 7—density 1 
plot 10—density 1 


Total 
100 
= 3.33 


Therefore 
R=9 X3.33 = 29.97 or virtually 30, 


In computing ratings, the resulting 
data should refer to certain definitely 
located units of area. Management 
areas on forest lands may be subdivided 
on the basis of cover types (use types), 
or the ratings can be computed for 
blocks of range of predetermined size 
without regard to cover types. 

Where cover types are used, the rat- 
ings are computed by grouping all the 
plots taken in that type. With these 
ratings available, the wildlife manager 
can attempt to determine the defi- 
ciencies of the environment. He can 
make this determination by inspection 
and arbitrary decision that the ratings 
of certain species are low; or by com- 
paring the ratings with similar data 
from areas which produce more wild- 
life, he may be able to determine the 
limiting factors. 

The ratings may also be computed 
for units of area irrespective of cover 
types. This method has not been tested, 
but is mentioned here because it seems 
to meet the needs of the wildlife man- 
ager more adequately than one in which 
cover types are used. King (1938) stated 
that the wildlife manager must improve 
“the distribution over the entire range 
of all the food, water, and cover re- 
quirements in a manner that renders it 
possible for each unit of range... to 
produce its share of the population.” 
Thus, each unit of range may be 
studied to determine its value and de- 
ficiencies. 

The size of the units depends on that 
of the area, the intensity of the man- 
agement, and the wildlife species con- 
cerned. Extensive management on large 
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blocks of range would necessitate the 
use of large units, while more intensive 
management would require the use of 
smaller units of area. The cruising ra- 
dius of the species must also be con- 
sidered to assure the presence of all the 
requirements within the animals’ cruis- 
ing radius. 

The ratings of the plant species on 
an area producing an optimum animal 


TABLE 1 
RATINGS OF PLANT SPECIES ON 
FOUR 40-ACRE AREAS IN SECTION 36, 
TOWNSHIP 66, RANGE 20, ST. LOUIS 
COUNTY, MINNESOTA 


SWSW SESW SWSE SESE 


TREES 
Aspen 27 15 3 4 
Balsam fir Z 20 14 13 
Norway pine 8 1 30 34 
Spruce 24 27 31 31 
White birch 35 26 20 32 
White cedar 12 20 28 


White pine 19 7 29 32 
UNDERBRUSH 


Alder 22 24 10 5 
Blueberry 4 10 3 7 
Hazel 6 a 19 9 
Honeysuckle 4 10 10 11 
Labrador tea 20 22 1 3 
Pin cherry 6 7 1 

Raspberry 12 15 4 | 
Red maple 6 17 25 29 

Grounp CovER 

Dewberry 4 8 4 7 
Dwarf dogwood 27 25 24 20 
Maianthemum 5 a 7 9 
Grasses +4 38 20 22 
Strawberry 10 3 11 3 


population compared with similar data 
on another area that supports a small 
population should improve the accuracy 
of applying control measures. 

Table 1 gives the ratings of the plant 
species on four adjacent 40-acre areas. 
The ruffed grouse, white-tailed deer, 
and snowshoe hare populations on these 
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areas are dependent on these plants for 
food and cover. A variety of cover types 
are included in each area, but the rat- 
ings show the less obvious differences 
between the areas as well as the changes 
in the dominant tree cover. 


SUMMARY 


The mapping method described is 
based on the study of random samples 
of the environment. Data taken in the 
field includes the presence and relative 
density of each plant species within the 
area of the sample. 

These data may be summarized in 
the form of species distribution maps 
that show the presence and abundance 
of important plant species in graphic 
form. The preferred method of analyz- 
ing the data however, is a numerical 
designation called the rating. The rating 
expresses the distribution of each spe- 
cies and its abundance and provides a 
quantitative measure of its value to 
wildlife. 
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POTENTIAL WILDLIFE HABITAT ON THE ILLINOIS 
PRAIRIE AND SOME PROBLEMS OF RESTORATION! 


Charles S. Spooner, Jr.2 and Lee E. Yeager* 


Wildlife managers in the prairie re- 
gions of the central states have long 
recognized that scarcity of cover is the 
greatest deficiency in present upland 
game habitat. Both protective and nest- 
ing types of vegetation are particularly 
lacking during the late winter and 
spring months. This shortage of cover 
prevents utilization of an abundant 
food supply in the form of waste grain, 
and reduces opportunities for nesting 
and the rearing of young. 

Despite the deplorable effects of in- 
tensive agriculture upon wildlife, Illi- 
nois students of the subject have felt for 
some time that scattered throughout 
this fertile region are many small, neg- 
lected, or abused areas that can be 
restored to productivity. The Federal 
Aid in Wildlife Restoration Act offered 
the opportunity to deal with this prob- 
lem, and an investigation, formally ap- 
proved as Project 11-R of the Illinois 
program, was begun on October 1, 
1939. The survey, confined to the black 
prairie, was terminated on March 31, 
1940. This report presents information 
on potential wildlife habitat in the re- 
gion and considers methods of putting 
it into use. 
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Natural History Survey Staff suggested 
an investigation of the vegetative de- 
ficiencies of Illinois prairie farms. Lewis 
E. Martin of the Illinois Department 
of Conservation also shared in the orig- 
inal conception of the restoration plan 
here discussed. 

The Illinois Department of Conser- 
vation, represented by Anton J. Toma- 
sek, State Forester, and the Illinois 
Natural History Survey, represented 
by Dr. T. H. Frison, Chief, directed 
the project from the fiscal and adminis- 
trative standpoints. Technical super- 
vision was assigned by the Illinois De- 
partment of Conservation to the Illinois 
Natural History Survey, and was the 
responsibility of the junior author. 

Bruce Diehl, Junior Biologist, and 
Sam Parr, Inspector, both of the De- 
partment of Conservation, and H. Ray 
Meyers, President, and W. F. Lodge, 
Secretary, both of the Illinois Federa- 
tion of Sportsmen’s Clubs, gave a great 
deal of time and support to the investi- 
gation in Macon County. Walter 
Brewer, Area Conservationist of the 
Soil Conservation Service, contributed 
in a similar manner in Henry County. 
Dr. E. C. O’Roke of the University of 
Michigan and Dr. George W. Bennett 
of the Illinois Natural History Survey 
constructively criticized an early draft 
of the paper. 


NATURE AND STIPULATIONS 
OF PROJECT 


Due to our belief that many landown- 
ers are interested in wildlife, the original 
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project carried no inducement in the 
way of rentals. Land for habitat restora- 
tion was to be acquired only by ease- 
ments covering periods of 10 years or 
more. Costs of restoration, including 
fencing, planting, and posting, were to 
be borne by a follow-up project, con- 
tingent on future approval by Federal 
Aid authorities. In all contacts with 
land owners this tentative and as yet 
unapproved future status of the project 
was carefully explained. Owners were 
to carry taxes and all other costs not 
directly contributory to the project. 
The restoration areas were to be 
posted as state game refuges for the 
duration of the easement. Hunting on 
lands adjacent to the restored areas 
was left to the desire of the owners in 
certain counties; in others, a provision 
for supervised hunting, with no charge 
for the privilege, was made a part of 
the agreement. In the latter case, own- 


ers would recognize their farms as co- 


operative game management areas and 
allow them to be posted as such. Super- 
vision of hunting would then be the 
responsibility of the Department of 
Conservation. This variation with re- 
spect to hunting gave the investigation 
a wider scope, and made possible the 
gathering of comparative data from 
which hunting could be evaluated from 
the landowners’ standpoint. 

The suitability of all land offered 
for restoration purposes was to be 
passed on by the project leader (i.e., 
the senior author). Areas in proximity 
to permanent cover and good food sup- 
plies were to be given preference over 
those isolated by large, cultivated fields. 
The owner’s interest, attitude, and mo- 
tives were also to be considered in de- 
termining the acceptability of each 


area. Tracts of various sizes would be 
taken, but those smaller than five acres, 
except when especially well qualified or 
favorably situated, would not be con- 
sidered as fully eligible as larger units. 
Land suitable for habitat restoration 
might consist of farm woodlots, aban- 
doned gravel pits, hedgerow and ditch- 
bank strips, eroded fields, old orchards, 
and undrained prairie. 

The interests of the State were pro- 
tected by stipulations in the agreement 
guaranteeing access to the restoration 
areas for purposes of work or study at 
all times, and giving the State permis- 
sion to make all necessary improve- 
ments, such as posting, fencing, and 
planting. 


CouUNTIES SURVEYED AND 
LAND ACQUIRED 


Coles, Edgar, Douglas, Henry, Iro- 
quois, and Macon counties were sur- 
veyed more or less systematically, and 
certain areas were inspected in Ford, 
Cumberland, and Effingham counties. 
The total number of acceptable refuges 
obtained during the six months of 
reconnaissance was 70, aggregating 
about 666 acres. An additional 3,800 
acres surrounding refuge sites in 
Macon County were involved in con- 
trolled hunting agreements. It is known, 
however, that considerably more acre- 
age could have been contracted for in 
all the counties surveyed, had time per- 
mitted. The following tabulation (Table 
1) gives, by types of hunting agreement 
and by counties, the number of areas 
and the total acreage accepted for 
habitat restoration. 

At the time of writing (January, 
1941) two other counties, DeKalb and 
Livingston, have been partly surveyed 
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TABLE 1 


COUNTIES SURVEYED, NUMBER OF 
REFUGES, AND TOTAL ACREAGE BY 
TYPES OF HUNTING AGREEMENT 


Number Total 

County of refuges acreage 

1. Hunting around refuges optional with 

landowners: 

100 
Douglas....... 56 
Froquois. ...... 123 
93 

Subtotal..... 494 


2. Hunting around refuges agreed to by land- 
owners (hunting to be free and under 
state supervision): 


1In keeping with the established policy 
of the Soil Conservation Service, landowners 
in Henry County agreed to furnish all posts 
required to fence the refuge areas. 


in a new project, and 125 additional 
refuges have been acquired, as well as 
several thousand acres on which con- 
trolled hunting will be permitted. 


CLASSIFICATION AND AVAILABILITY OF 
LAND TypEs OFFERED TO 
RESTORATION PROJECT 


The high value of the Illinois prairie 
for agricultural purposes restricts the 
acreage available for wildlife produc- 
tion; and such availability is deter- 
mined chiefly by land type and quality. 
To facilitate discussion, the following 
arbitrary classification of restoration 
sites is made: 

Class A 


The vegetative types artificially pro- 
duced, in lands of high agricultural 
value, usually of small acreage: Drain- 
age ditches, hedgerows, old orchards. 


Class B 


The vegetative types of natural ori- 
gin, surrounded by lands of high agri- 


cultural value: Isolated remnants of 
original prairie, such as scattered farm 
woodlots and undrained prairie soils, 


Class C 


The vegetative types of natural ori- 
gin, forming a continuous and distinct 
land type: River bluffs and bottom- 
lands. 

Class D 


Land submarginal from the agricul- 
tural standpoint, usually as the result 
of mismanagement; illustrated by areas 
badly eroded due to overgrazing, cul- 
tivation of steep slopes, or noncontour 
farming. 

It was apparent early in the survey 
that availability of these four types for 
restoration purposes was in the reverse 
order of the preceding listing. To land- 
owners holding an appreciable area of 
Class D, the largest of the four land 
types, governmental aid as stipulated 
in our contract was most attractive. 
Farmers are taxed on eroded as well as 
on productive lands; and the stabiliza- 
tion of gullied fields, which the State 
would undertake, proved to be a tempt- 
ing consideration. 

Class B lands were limited both by 
the small acreage existing in the state 
and by grazing. Grazing of farm wood- 
lots, although long proved uneconomi- 
eal, is still general. On many prairie 
farms, woodlots and undrained soils 
offer the only available pasturage on 
land not in actual cultivation. Despite 
this condition, however, an appreciable 
area of Class B land was obtained. 

Class C lands are of comparatively 
low agricultural value and with a simple 
pattern of land use. River bluffs are 
much utilized for pasturing and for the 
annual harvesting of wood for fuel and 
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construction purposes. The forage value 
appeared to be the only limiting factor 
controlling the acreage offered by land- 
owners. River bottoms are frequently 
cultivated. Class C landowners were 
often enthusiastic about the cover re- 
habilitation project, but could not jus- 
tify the elimination of grazing on bluff 
land or farming on bottoms, as required 
in the project. 

Class A land presented by far the 
most serious problems. This type con- 
sisted chiefly of drainage ditches and 
fence- or hedge-rows that penetrate the 
prairie farms of Illinois. The limiting 
factors affecting the availability of 
Class A land were both small acreage 
and problems of multiple use. 

Drainage ditches are found in nearly 
all townships and are generally con- 
trolled by a drainage commission com- 
posed of three local men. This commis- 
sion controls a strip extending two and 
one-half rods on either side of the ditch 
channel. Before such land can be ac- 
quired for restoration purposes, it is 
necessary to obtain permission from 
both the owner and the drainage com- 
mission. Most landowners object to the 
establishment of game refuges along 
ditch banks because fencing of the 
ditch right-of-way prevents farming up 
to the bank, and grazing and watering 
along the ditch—practices that are 
common throughout the drainage dis- 
tricts. Permission to rehabilitate such 
areas for wildlife is difficult to obtain 
from drainage commissioners unless 
there is a guarantee that the ditch chan- 
nel will be kept free from debris and 
vegetation. That requirement would 
necessitate the maintenance of field 
crews with suitable equipment to insure 
continuous free flowing of water. On 


the whole, therefore, ditch banks while 
one of the most desirable prairie sites, 
are impractical as refuges under our 
limitations. 

As for hedges and fencerows and 
lands immediately adjacent to them, 
difficulties have likewise come to light. 
The principal one is that owners are 
reluctant to allow a useful width for 
these strips. Even if 30 to 50 feet are 
included, the management problem 
arises of keeping dogs from harassing 
game within the allotted area. Despite 
these objections, it is considered that 
fence and hedgerows are desirable areas 
for refuges and they were, and will be, 
acquired whenever possible. 

Many farmers advance the argument 
that hedgerows of Osage-orange (Mac- 
lura pomifera) with its extensive root 
system sap the soil to a width of eight 
corn rows on either side, thus reducing 
the grain yield. Many, therefore, are 
more interested in removing the hedges 
than in preserving them. When ap- 
proached as to the possibility of estab- 
lishing a fencerow of other species as 
rose, honeysuckle, or hazelnut, they 
often expressed fear that some plant 
might escape and become an obnoxious 
weed. Nearly all landowners were more 
favorably disposed toward fencerows 
of shrubs than toward those of Osage- 
orange. A surprisingly large number of 
farmers were interested in obtaining 
pines and other evergreens, probably 
because of their rarity in the prairie 
region. Others were interested in flower- 
ing shrubs as roses or lilacs; still others 
wanted nuts to pick and for that reason 
favored hazel. Black locust, although 
prized for its rapid growth, its value for 
fence posts, and for erosion control, was 
not popular with prairie farmers be- 


arm 
inct 
om- 
cul- 
sult 
reas 
cul- 
tour 
vey 
for 
erse 
ind- 
a of by 
and 
ited 
ive. 
as 
iza- 
tate 
ipt- 
by 
tate 
mi- 
oils 
on 
pite 
ible 
rely 
iple : 
are 
the 
and 


48  JouRNAL OF WILDLIFE MANAGEMENT, VOL. 6, No. 1, JANUARY 1942 


cause of its root-suckering habit and 
the consequent difficulty of eradicating 
it, should the need arise. 

The following tabulation (Table 2) 
shows the number of areas and total 
acreage acquired in each land class: 


age six to seven dollars per acre jp 
south-central Illinois, and on the larger 
woodlots a pasturage rental of one to 
two dollars per acre is expected. Much 
prairie land is let on an equal share 
basis if corn or wheat is grown, or ata 


TABLE 2 


NUMBER OF AREAS AND TOTAL ACREAGE ACQUIRED 
IN EACH LAND CLASS 


Acquired land A 
Number of areas 14 
Average acreage of each 5.8 
Total acreage of areas 81.2 


PROBLEMS OF O1L LEASES 
AND LAND RENTALS 

Aside from the difficulties already 
mentioned in procuring desirable lands 
for habitat restoration, problems con- 
nected with oil leases and land rentals 
were occasionally brought up by land- 
owners. In Coles County, for example, 
a farmer was very sympathetic toward 
the small refuge program and gladly 
offered six acres of grazed woodlot. 
His one qualification was to reserve the 
oil rights. Oil leases in this locality are 
currently running between one and two 
dollars per acre annually. In much of 
the southern Illinois prairie, if refuges 
are to be established, they must be on 
land on which the oil rights are re- 
served. Any refuge program in these 
southern counties must, therefore, be 
set up on the condition that develop- 
ment for oil may interrupt it. 

In some instances, farmers appeared 
interested in the refuge program but 
immediately lost enthusiasm when they 
learned that it was proposed to acquire 
land on an easement basis, with no pro- 
vision for rent or tax payment by the 
cooperating agencies. Cash rents aver- 


Land Class Totals and 
B Cc D averages 
21 5 30 70 
9.4 25.8 8.6 9.5 plus 
197.4 129.0 258.0 665.6 


two-to-one ratio if broomcorn is the 
crop. Cash rent is rarely given for black 
prairie land, but equivalents vary from 
$10.00 to $12.00 per acre for good com 
soils. It is evident that failure to pay 
rent or taxes will serve substantially to 
reduce the acreage available for restora- 
tion. However, the proportion of land- 
owners who offered their land contin- 
gent on state payment of taxes was not 
so great as to suggest abandonment of 
the restoration program. A number of 
owners tendered land without once in- 
quiring whether rent or taxes would be 
carried, or if oil rights could be reserved. 
This attitude was closely correlated 
with a great interest in wildlife, or in 
hunting. However, landowners fre- 
quently suggested tax exemption or 
AAA payments for land devoted to 
wildlife restoration. The latter possibil- 
ity, in the event of a continued AAA 
program, seems worthy of considera- 
tion. 


Eacu AN INDIVIDUAL 
PROBLEM 


We feel that general regulations 
should be kept to the minimum and 
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that every effort should be made to 
meet each landowner’s interests and 
needs. Without such consideration on 
the part of the governmental agencies, 
landowners will be inclined to lose en- 
thusiasm for the restoration program. 

A few examples of individual interests 
will illustrate this point: Mr. A has only 
12 acres of woods on his entire farm and 
depends on it for fenceposts and fire- 
wood. He is greatly interested in having 
a refuge established on his farm, but 
feels that he must reserve the right to 
harvest timber when necessary. The 
eare given to his farm in general indi- 
cates that he is conservation-minded. 
He welcomes game production as an 
added land use and agrees to confine 
his timber-cutting operations to one 
half of the woods one year and the other 
half the next. Habitat restoration regu- 
lations should be flexible enough to per- 
mit this type of woodlot management. 

The possibility of making some 
recreational use of land set aside as 
refuges also came up for consideration. 
Mr. B owns 10 acres of woodlot some 
eight miles from a city. During the 
summer he spends a part of his time 
resting at a cabin on this tract. The 
area is seldom disturbed during the 
spring and fall seasons and is almost 
never visited during the winter. Mr. B 
will gladly cooperate in the restoration 
program, permit improvements, give up 
hunting on the 10 acres, and agree to 
posting of the tract as a refuge, if he can 
reserve the right of moderate recrea- 
tional use during the summer. If regu- 
lations governing the restoration of 
habitat positively stipulate “no tres- 
passing,” Mr. B would be forced to 
neglect wildlife in order to continue his 
own recreational use of the land. 


These difficulties may seem too 
trivial to warrant consideration, and, 
indeed, they may be so in states having 
cheap lands, including large acreages 
available for wildlife restoration. The 
writers are convinced, however, after 
hundreds of contacts with landowners, 
that the acceptance and success of the 
small refuge system in Illinois depends 
very largely on the flexibility of con- 
tracts and the degree of consideration 
given to individual needs and interests. 


Cost oF RESTORATION 


In order to analyze the economics in- 
volved in the restoration of wildlife 
habitat on the Illinois prairie, a planting 
plan and a list of fencing materials were 
prepared for each area. Space does not 
permit the reproduction of complete 
cost estimates, but the following sum- 
mary (Table 3) supplies general infor- 
mation for the tracts acquired: 


TABLE 3 
COST OF RESTORATION 


Accepted for restoration: 


Average acres per area....... 9.5 
Total cost of restoration (close 
approximation)............. $10,000.00 


Average estimated cost of resto- 


ration per area&.............. 142.86 
Average estimated cost of resto- 

Average estimated cost per area 

per year (10 years).......... 14.29 
Average estimated cost per acre 

per year (10 years).......... 1.50 


In these estimates, supervisory and 
administrative costs are included, but 
it should be remembered that they are 
for the first six months of the project, 
and, therefore, cover the organization 
of the investigation and the working out 
of field techniques. Land accepted for 
restoration since the termination of the 
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initial project shows a considerably 
lower unit cost. 

In further analyzing the economics 
of the restoration areas, it is shown 
(Table 3) that the estimated develop- 
ment cost for the average refuge is 
$142.86. Taxes on these lands vary 
considerably, but an average of $1.00 
per acre per year is conservative. Under 
our contracts no rents or taxes are to be 
paid by the governmental agencies. The 
owner of the average tract, therefore, is 
subject to an annual tax of $9.50, which, 
for the 10-year period of easement, will 
amount to $95.00. The average area, 
therefore, costs the governmental agen- 
cies an estimated $142.85 and the land- 
owner $95.00, a total of $237.85. The 
landowner, therefore, carries a con- 
siderable proportion of the total cost. 

These data offer an argument in 
favor of the specifications adopted for 
the project in that habitat restoration 
is to a considerable degree financed by 
the landowner. The soundness of this 
policy has been frequently shown in 
other conservation programs, wherein 
projects financed in part by private 
sources meet with more success than 
those entirely supported by government 
subsidization. It is to be hoped that, in 
future restoration projects, provision 
will be made for landowners to share 
moderately in the costs. 


DiIscussIon 


This investigation has revealed that 
the main factors contributing to the de- 
ficiency of cover on Illinois prairie farms 
are burning, overgrazing, plowing ditch 
banks, eliminating fence- and hedge- 
row growths, and the farming of areas 
better suited to other land uses. These 
practices affect cover on practically 


every type of prairie game habitat. 
Other shortcomings, in comparison to 
that of cover deficiency, are minor, In 
general, food is ample throughout the 
year except during seasons of drought, 
Predation on the Illinois prairie, al- 
though not yet adequately studied, ap- 
pears to offer no serious problem. 

Obviously, with lack of cover the 
main shortcoming, land on which to 
effect cover rehabilitation is the great- 
est need. With black prairie land prices 
ranging from $90.00 to $250.00 per 
acre, it is manifestly impossible to do 
much about the cover problem through 
purchase of restoration sites. For ex- 
ample, at the conservative price of 
$100.00 per acre, it would require 
$66,600 to purchase the 666 acres of 
refuge that are now available for 
the cost of restoration, estimated at 
$10,000. 

Development costs would be addi- 
tional. The easement plan, although 
covering a minimum period of only 10 
years, thus spreads Federal Aid funds 
nearly seven times farther than if a 
purchase program had been adopted. 

It is true that purchase would insure 
permanent state ownership, eliminating 
the possibility of losing areas after the 
termination of the 10-year period. How- 
ever, the general absence of attractive 
woody cover, and the fact that the land 
has been offered by owners especially 
interested in wildlife, would seem to 
insure post-easement preservation of 
many of the restored areas. Indeed, 
many cooperators have already ex- 
pressed this intention. 

The most important objection of all, 
perhaps, is the probability that most 
landowners would not be willing to sell 
small, irregular, and scattered portions 
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of their properties. Even if they were, 
the State would incur expense and face 
the slow process of acquiring titles to 
these sites. An argument in favor of 
retention of the areas in private owner- 
ship is that the total amount of taxable 
property is not reduced. 

The decided success in acquiring land 
for this project in Macon, DeKalb, and 
Livingston counties under the free- 
hunting clause was due primarily to 
good will between farmers and sports- 
men, and, less importantly, to the fact 
that considerable land submarginal for 
farming exists in two of these counties. 
The acreage under contract to date 
could be at least tripled. Results in 
these counties clearly demonstrate the 
returns that are made possible through 
sportsmen’s observance of property 
rights and the reciprocal action of 
satisfied landholders. 

Information available on farmer- 


sportsmen cooperatives indicates that 


it is necessary to strike simultaneously 
at both causes and effects of the farm 
game problem if such cooperatives are 
to achieve substantial improvement in 
conditions. The outstanding cause of 
unsatisfactory hunting conditions is un- 
regulated harvesting of game crops, a 
principle ably discussed by Hill (1940). 
Until such harvest is placed on an 
orderly and acceptable basis, land- 
owners will not have much incentive for 
encouraging wildlife production on 
their properties. The restoration feature 
of this project is intended to correct the 
chief cause of farm-game shortage, 
while the controlled hunting provision 
should insure an orderly harvest and 
increase the amount of hunting area on 
the prairies. The success of land acquisi- 
tion under supervised hunting, how- 


ever, depends upon the existing feeling 
between landowners and sportsmen, 
and will not prove satisfactory where 
relationships between the two groups 
are strained. In such localities, restora- 
tion will have to be continued under the 
optional hunting clause, or even post- 
poned until a more cordial feeling is 
developed. 

The organization of sportsmen’s clubs 
throughout Illinois is an admirable 
effort to create interest in better hunt- 
ing and in progressive game administra- 
tion. A similar movement involving 
landowners, along with sportsmen, 
forms the basis of a restoration program 
supported by the two groups most con- 
cerned with the game resource. The 
project here described meets this de- 
sirable criterion. 

To recapitulate, this cooperative pro- 
gram involves donation of land and per- 
haps of certain improvement costs by 
landowners, guarantee of administra- 
tion and major development costs by 
state and federal agencies, and main- 
tenance and good sportsmanship by the 
organized hunters of the State. The 
landowners’ part in supplying land and 
carrying the tax load has been dis- 
cussed. Administrative machinery is 
already in operation. Sportsmen have 
expressed a willingness to contribute 
the labor necessary to maintain the 
refuges in good repair and productivity. 
Maintenance will involve chiefly fence 
upkeep, some replanting, and perhaps 
the growing of food patches—all ac- 
tivities that will improve farmer-sports- 
men relationships and stimulate interest 
in club activities. It will further give 
hunters a good opportunity for showing 
consideration for the rights of land- 
owners, and will lead to the minimizing 
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of differences between these two groups. 

Game policies are difficult to formu- 
late chiefly because of the diverse views 
and interests that must be appeased. 
Some persons want all wildlife killed; 
others, none. The restoration program 
here discussed comes unusually close to 
satisfying the demands of the strict 
conservationist who enjoys seeing all 
species protected, while at the same 
time it appeals to hunters through in- 
creasing huntable game populations. In 
addition to increasing game, it should 
favor increase in the numbers of in- 
sectivorous birds, retard erosion, stimu- 
late forest tree planting, and if carried 
far enough result in some improvement 
in rural esthetics. The program should 
be well received by game managers, 
foresters, agriculturists, and soil con- 
servationists. 

In conclusion, the writers must say 
that they do not believe that the basis 
on which the first restoration project 
was necessarily drawn represents the 
most practicable method of accom- 
plishing the objectives desired. On the 
basis of present experience, it appears 
that the future program could be im- 
proved along the following lines: 

1. Reduction of cost. This is defi- 
nitely possible because of im- 
proved procedure, centralized ad- 
ministration, use of state-grown 
planting stock, and the possibility 
of sharing development costs with 
landowners. 

2. Substitution of herbaceous, espe- 
cially leguminous, plants for a 
part of the tree planting. 

3. Specific understanding that organ- 
ized sportsmen are to be respon- 
sible for maintenance of the 
restoration areas, 


4, Gradual development of a coordi- 
nated habitat restoration pro- 
cedure, wherein federal and state 
agencies, landowners, and sports- 
men each contribute systemati- 
cally to the program. 

Even though the general premises of 
this Federal Aid project are based on 
sane wildlife management, there are 
certain questions to which answers must 
be obtained before the program can be 
completely evaluated. Some of the more 
obvious of these are: 

1. What is the maximum cost per 
acre that can justifiably be spent 
by the governmental agencies for 
refuge development? 

2. Can sufficient land for refuge and 
permanent cover development be 
obtained on the Illinois prairie to 
make a worthwhile increase in 
effective game range? 

3. Will the system of island refuges 
actually result in an increase in 
game? 

4, Will the supervision of hunting 
and other problems arising out of 
administration and utilization re- 
sult in serious overhead costs and 
enforcement difficulties? 

These and other queries cannot, of 
course, be answered until the program 
has been in operation for several years. 

The writers believe that the results of 
the preliminary investigation point 
clearly to the possibility of continued, 
year-after-year, restoration of _ the 


prairie for game production. Notwith- 
standing intensive agricultural use of 
the soil, the enthusiasm shown to date 
indicates that an appreciable area in 
this region is potentially available for 
range rehabilitation. Its utilization for 
this purpose would further good land 
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management, and would be an impor- 
tant step toward meeting the pressing 
social need for outdoor recreation. 


SUMMARY 


1. On Illinois black prairie farms 
scarcity of cover is the chief deficiency 
of the upland game habitat. There is an 
abundant supply of fall and winter food 
in the form of waste grain. 

2. To determine the availability of 
this land for game production, a Federal 
Aid project, consisting of the establish- 
ment of refuges under two alternatives 
in regard to nearby hunting, was de- 
signed. One alternative left hunting 
around refuge areas optional with 
owners; the other required that the land 
be opened to controlled hunting. This 
variation will permit the gathering of 
comparative data from which the status 
of hunting from the landowners’ stand- 
point may be evaluated. 

3. Land for refuge and permanent 
cover development was found to be 
available, without purchase, in small, 
scattered tracts, and obtainable through 
long-term easements. During the six 
months of the survey 70 such areas, in- 
volving 666 acres, were acquired. 
Thirty-nine, in 5 counties, were ob- 
tained under the optional hunting 
clause; while 31, all in Macon County, 
surrounded by 3,800 acres of hunting 
territory were acquired under the con- 
trolled-hunting type of easement. After 
completion of the initial project (March 
31, 1940), more than 125 additional 
refuges and several thousand acres for 
controlled hunting, have been acquired 
in DeKalb and Livingston counties. 

4. Refuge sites consist chiefly of 
woodlots, eroded fields, strips along 
hedgerows, undrained prairie, old or- 


chards, and abandoned gravel pits. 
In addition to crop production, such 
land uses as grazing, timber cropping, 
oil development, and recreation, had an 
important bearing on the availability 
of land for restoration purposes. 

5. It is estimated that the costs to 
Federal Aid funds, over a 10-year 
period, will be about $1.50 per acre per 
year for restoring the refuges to wildlife 
productivity. This cost includes post- 
ing, fencing, planting, and labor. Ac- 
quiring land by easement rather than 
by purchase brings into availability 
about seven times more acreage for 
restoration with Federal Aid funds. It 
is doubtful if the scattered refuge areas 
could be acquired by purchase for any 
reasonable consideration. 

6. Tax costs on the refuge areas are 
paid by the owners, and amount to 
about $1.00 per acre per year. Over a 
10-year period, the owners contribute 
about 40 per cent of the total cost of 
refuge establishment. The tax base is 
not lowered. Restoration costs, to be 
reduced in the future through increased 
efficiency on the part of governmental 
agencies, should then be about equally 
divided between the owner and the 
State. 

7. Landowners were much concerned 
with the type of planting to be made on 
the refuge areas. Most of them were 
opposed to Osage-orange, black locust, 
and other large-growing species for 
fence- and hedgerow use, but were 
agreeable to the planting of small 
shrubs, as rose, hazelnut, and gray dog- 
wood. 

8. Reasonable flexibility in the regu- 
lations appears to be necessary to insure 
ample availability of land on the Illinois 
prairie. The success of the program also 
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depends much on the degree of cor- 
diality existing between landowners and 
sportsmen. The amount of low-grade 
farmland in any given county has a 
proportionate bearing on the avail- 
ability of restoration areas, 

9. Stipulations of the project show 
that it is concerned with both game 
production and game harvest. 

10. Although the project shows 


promise of wide application on the 
Illinois prairie, there are yet many 
problems which must be further ana- 
lyzed before its entire success is proved, 
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ERRATA 


Errata, October 1941 JouRNAL OF WILDLIFE MANAGEMENT 


Page 431, column 1, second line from the bottom, The first word should be 


*‘patrolmen.” 


Page 440, column 1, line 32. The word ‘‘favorable’”’ should be ‘‘unfavorable.” 


G 


( 
abc 
ma 
roc 
has 
dat 
grc 
to 
| in 
Nu 
| 
wh 
of 
qu 
ga 
ab 
co 
th 
of 
CO 
he 
m 


n farm 
Tatives 
LDLIFE 


ervation 


Id be 


THE SUSCEPTIBILITY OF SAGE GROUSE 
TO STRYCHNINE 


Justus C. Ward, Malcolm Martin, and Warren Allred 


Conservationists are often concerned 
about hazards to beneficial birds or ani- 
mals possibly occasioned by extensive 
rodent control activities. The question 
has been raised specifically as to what 
danger such campaigns involve for sage 
grouse, When strychnine is used as the 
poison. Our experiments were designed 
to answer this query. 

Altogether eighteen birds were used 
in these tests. This was hardly an ade- 


no acceptance was obtained in the 36 
hours of observation, although no other 
food was provided (Table 1). 

Test No. 2. Toxicity of Poisoned Grain 
When Force Fed.—Six young females 
and one young male were used in this 
experiment. The first two birds treated 
died from what seemed to be a com- 
bination of fright and possible suffoca- 
tion due to the lodging of the kernels of 
oats in the trachea and the nares. The 


TABLE 1 
ACCEPTANCE OF POISONED GRAIN! 


Bird Amount of grain offered 
eceptance 
Number| Sex and age in grams | Grams | Kernels (t Bes. 
2 Female Immature 1,048 100 3,000 30} None 
3 908 50 1,500 15} None 


1A special whole oat mixture containing 5 milligrams of strychnine per gram of bait, 
which was almost identical with the standard ground squirrel poison, containing one ounce 


of strychnine alkaloid to 12 pounds of grain. 


quate number, but the indications 
gained from the studies seem depend- 
able and are accordingly presented as a 
contribution to knowledge. 

Our major problem was to determine 
the hazard to sage grouse from exposure 
of oats poisoned with strychnine for the 
control of the small mammals that in- 
habit the areas utilized by these birds. 


THE EXPERIMENTS 


Test No. 1. Acceptance of Poisoned 
Grain by Sage Grouse.—Two young fe- 
males were offered weighed quantities of 
special ground squirrel bait. Absolutely 


birds seemed completely unable to 
swallow grain placed on the front of the 
tongue. Upon changing our technique 
to that of placing the poisoned grain 
into the throat past the tracheal open- 
ing, using a pair of forceps, and han- 
dling one or two kernels at a time, we 
lost no more birds by accident. Doses of 
25, 30, 35, 40, and 50 mg/kg! were ad- 
ministered without causing symptoms. 
It is obvious that the minimum lethal 
dose of strychnine in the form of 
poisoned grain, when force fed to sage 


1 mg/kg means milligrams of the poison 
per kilogram of the bird’s body weight. 
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grouse, is more than 50 mg/kg. The 
conclusion seems clear from these two 
tests that there is slight danger of sage 
grouse being killed with the strychnine- 
poisoned grain now being used in 


other (wt. 905 gm.) 4.50 grams before 
refusing further bait. This indicated 
that under starvation sage grouse might 
take dangerous quantities of fresh al. 
falfa that has been poisoned with 


ground squirrel control operations strychnine for jack rabbit control. The 
(Table 2). bait used in these experiments cop. 
TABLE 2 


TOXICITY OF POISONED GRAIN! WHEN FORCE FED 


Bird Amount of grain offered 
Weight 
Num- in olume Doss esult 
ies Sex and age grams | Grams | Kernels aa a (mg/kg) 
3 | Female Immature 960 | 9.00; 270 22 46.2 Died 
4 850 | 3.50) 105 1 20.6 | Died—possibly 
from fright 
and suffoca- 
tion 
16 ? i 1,105 | 11.05 332 33 50.0 No symptoms 
6 ‘ ™ 1,020 8.16 245 23 40.0 do. 
7 1,048 | 7.34] 220 2} 35.0 do. 
8 | Male 7 1,132 | 6.80) 204 2 30.0 do 
i Female ? 830 | 4.15 125 1} 25.0 do 


1 See footnote to Table 1. 


Test No. 3. Acceptance of Poisoned 
Alfalfa Leaves.—Our next problem was 
to determine the danger to the birds 
from strychnine on poisoned alfalfa 
leaves, as employed in jack-rabbit con- 
trol. Four young females were used in 
this experiment. The first of these was 
offered unpoisoned leaves as a check, 
and this bird (wt. 1,105 gm.) ate 14.57 
grams overnight. The second bird (wt. 
1,190 gm.) given poisoned alfalfa leaves 
ate only 2.13 grams in the same time. 
Thus there was a decided difference in 
acceptance between the unpoisoned and 
poisoned foods. These birds had not 
been fasted. 

The other two birds were held with- 
out food for 24 hours and were then 
offered poisoned alfalfa leaves. One 
(wt. 1,048 gm.) ate 2.70 grams and the 


tained 1 oz. of strychnine to 10 lbs. of 


fresh alfalfa leaves. Caution should be | 


recommended in the distribution of 
such bait in sage grouse habitat. 

This recommendation is made, hov- 
ever, merely to be on the safe side, for 
the birds we had under observation did 
not show any symptoms of strychnine 
poisoning during the 48 hours they were 
under observation. 

Following the tests with strychnine 
in the form of the only two baits em- 
ployed to any extent in Wyoming, in 
sage grouse country at least, we used 4 
few of the birds for experiments of 
scientific interest. 

Test No. 4. Toxicity of Strychnine 
Sulphate in Solution When Given to Sage 
Grouse by Stomach Tube.—Three young 
and one adult females and one young 
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TABLE 3 
TOXICITY OF STRYCHNINE' BY STOMACH TUBE 
Bird Weight Amount 1% solution given — 
in (m /k ) Result 
Sex and age grams c.c. 
13 | Female Adult 1,220 12.20 100 Died 23-2? hrs. 
9 . Immature | 1,076 5.38 50 Died 2-23 hrs. 

10 . . 1,132 3.96 35 Survived 

11 1,132 2.83 25 do. 

12 | Male ss 1,190 1.78 15 do. 


1 A solution containing 1% strychnine was used. 


male were employed in these experi- 
ments. The following summary (Table 
3) gives the results obtained. 

Test No. 5. Toxicity of Strychnine 
Sulphate When Injected into Sage Grouse 
Intraperitoneally.—Two young females 
and one young and one adult males were 
used in this experiment. The tabulation 
(Table 4) is self-explanatory. 


tolerated quantities so large that it is 
believed that the exposure of strychnine 
in this form is no hazard for these birds. 

2. Under normal conditions the 
grouse ate small quantities of alfalfa 
leaves treated with strychnine, and the 
amounts eaten were increased when the 
birds were starved. This bait, therefore, 
should be used with caution. 


TABLE 4 
TOXICITY OF STRYCHNINE BY INTRAPERITONEAL INJECTION 


Bird Weight Amount 1% solution injected 
7 in esu 
sl Sex and Age grams c.c. (mg/kg) 
1 | Female Immature 708 3.54 50 Died in 2 min. 
17 | Male ' 1,700 4.25 25 Died in 6 min. 
18 . Adult 1,815 1.82 10 Died in 7 min. 
12 . Immature | 1,910 0.60 5 Survived 


Four of the birds were used twice. 
Two were those that completely refused 
poisoned grain in the acceptance test; 
one was the bird receiving the smallest 
(15 mg/kg) dose of the stomach tube 
series, and the other the survivor of the 
smallest (25 mg/kg) dose in the forced- 
feeding experiment. 


SUMMARY 
1. The sage grouse experimented 


with did not voluntarily eat poisoned 
grain, and when it was force-fed they 


3. Sage grouse were killed by a 50 
mg/kg dose of strychnine sulphate in 
solution administered by stomach tube. 

4. Sage grouse were killed by a 10 
mg/kg dose of strychnine sulphate solu- 
tion injected intraperitoneally. 


Justus C. Ward 

Fish and Wildlife Service 
Denver, Colorado 
Malcolm Martin 


Wyoming Game and Fish Commission 
Cheyenne, Wyoming 


Warren Allred 
Wyoming Game and Fish Commission 
Cheyenne, 


Wyoming 
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THE SUMMER FOOD AND HABITS OF THE 
CHAIN PICKEREL (ESOX NIGER) OF 
A SMALL NEW YORK POND 


Edward C. Raney 


Basic knowledge of the ecology and 
habits of our common fishes is essential 
to an intelligent management program. 
As yet few detailed studies of our com- 
mon game and pan fishes have been 
made. This is true of the chain pickerel 
as only fragmentary information is 
available on many phases of its life 
history. Most studies of the food of 
this form are based on analyses of a few 
specimens from a given locality. A good 
summary of the literature on the food 
of Esox niger was presented by Adams 
and Hankinson (1928: 394). More re- 
cently Hunter and Rankin (1939: 194) 
have compiled some of the published 
information on three species of Esoxr 
(niger, americanus, and lucius). They 
also presented the results of additional 
studies on the food of 30 specimens of 
Esox niger and Esox americanus; un- 
fortunately comparison with the ma- 
terial here presented is hardly possible 
since these authors combined the data 
on the stomach contents of the two 
species. 

A good opportunity to study the food 
and habits of the chain pickerel was 
had during the summer of 1939 when 
the writer was a research fellow at the 
Edmund Niles Huyck Preserve at 
Rensselaerville, Albany County, New 
York. The studies were made at Lincoln 
Pond, a small artificial lake, where little 
fishing has been permitted for a number 
of years. It is similar to many weedy, 
warm ponds of eastern New York and 
New England. The area is approxi- 


mately 9 acres and the pond is fed by 
two small inlet streams which, however, 
were completely dry during the summer 
of 1939. An aerial view that shows the 
salient features of the terrain was pre- 
sented by Raney (1940: 736). The pond 
is largely edged by a relatively shallow 
shelf of silt 10 to 30 feet wide that sup- 
ports a copious growth of emergent 
grasses and submerged aquatic plants, 
The depth of water over this shelf aver- 
ages about a foot. The remainder of the 
pond varies in depth up to 11 feet as the 
maximum. It is very weedy and during 
late July and August the aquatic plants 
(mostly Elodea) virtually choke the 
entire pond. The pond is unusually pro- 
ductive of aquatic insects and other 
invertebrates as well as of fishes. Al- 
though fishes were abundant as indi- 
viduals, only five species were repre- 
sented and these were all probably 
stocked since the dam was replaced 
some years ago. The fishes present be- 
sides the chain pickerel were: (1) 
Golden shiner (Notemigonus c. crys0- 
leucas); (2) common bullhead (Amei- 
urus n. nebulosus); (3) yellow perch 
(Perca flavescens) ; and (4) common sun- 
fish (Lepomis gibbosus). 

At various times during the summer, 
collections of young pickerel were made 
from the grassy shelf around the pond 
with a 10-foot seine. Large pickerel were 
taken by angling, by gill nets, and by 
seining along shore at night with 4 
6-foot seine. At night the pickerel could 
be readily found by the aid of a flash- 
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light and maneuvered into the seine. 
The young pickerel were preserved in 
10 per cent formalin and examined later 
in the laboratory. Most of the contents 
of the stomachs of the large pickerel 
were analyzed while fresh. Scales were 
saved, the standard length (to the end 
of the hypural) and total length were 
taken, and each specimen was sexed 
when possible by gross examination of 
the gonads. The method, place, and 
date of capture were also recorded for 
each specimen. Only the stomach con- 
tents were considered in the food 
analysis. The organisms were sorted, 
identified, counted, and the volume of 
each carefully estimated. Each stomach 
was considered as a unit and the con- 
tents of any stomach containing food, 
regardless of the amount, was con- 
sidered as 100 per cent. It was not pos- 
sible to get accurate volumetric read- 
ings in cubic centimeters for the con- 


- tents of small stomachs. 


DIsTRIBUTION AND MOVEMENTS 
OF THE PICKEREL 


Young pickerel were most common 
along the shallow shelf around the edge 
of the pond and were seldom seen in 
water more than two feet deep. Juvenile 
and adult specimens were fairly evenly 
distributed throughout the pond espe- 
cially at night. Observations at that 
time throughout the summer showed 
them to be present at all depths. Gill 
net sets made during the day and at 
night, as well as the results of angling, 
gave confirmatory evidence regarding 
the general distribution of the larger 
pickerel, 

Many adults, including some of the 
largest pickerel in the pond, were ob- 
served in shallow water very close to 


shore at night. Some large individuals 
were there during the day also, as a 
number were captured by seining. It is 
difficult to get an accurate count by ob- 
servation during the day. On the other 
hand practically every pickerel in a 
small area may be spotted at night. 
At that time a well-developed jumping 
reaction was noted. As one towed a 
rowboat or walked along the shallow 
shelf parallel to and about 10 to 15 feet 
from the shore, many pickerel would 
become alarmed. Almost invariably 
they would dash for deep water, and 
often would leap high out of the water. 
Some large pickerel were collected in 
this way when they jumped into theboat. 

Twenty adult pickerel were tagged 
with strap-tags through their opercles. 
Several were recaptured without a tag. 
As the tag worked loose and pulled out 
of the opercle, a semi-rectangular area 
without bone remained and the gills 
were left partly uncovered. Three speci- 
mens were recovered with tags still 
attached. In each case there was an en- 
larged and ragged opening about the 
tag. One pickerel 320 mm. in standard 
length was tagged on July 19 and re- 
covered on August 5 at virtually the 
same spot. Another 365 mm. in stand- 
ard length, marked on June 23, was 
recaptured July 6, 200 feet away on the 
same side of the pond. A third specimen 
340 mm. in standard length was tagged 
on July 7 and retaken July 18 at a spot 
210 feet away. Little may be concluded 
from these fragmentary data. However, 
it is an interesting line of investigation 
that should be tried with many of our 
pond fishes. Inserting the tag about the 
jaw will undoubtedly prove to be a 
more satisfactory way of marking many 
species. 
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TABLE 1 


THE NUMBER OF FULL AND EMPTY STOMACHS AND THE LENGTH 
ATTAINED BY 119 YOUNG CHAIN PICKEREL IN LINCOLN POND, 
RENSSELAERVILLE, NEW YORK, DURING THE 
SUMMER OF 1939! 


Nate collected 
Nature of specimens 
June 16) June 24| June 30) July 28| Aug. 2 | Aug. 21) Aug. 31 Sept. 29 

Mean standard length 

in mm. 35.3 | 41.6 | 34.3] 56.1] 58.3 | 76.6| 81.4| 77 
Range of standard 

length in mm. 28-57 | 37-50 | 27-43 | 51-65 | 50-67 | 63-95 | 67-96 | 66-101 
Mean total length in 

mm. 40.5 | 47.7| 39.2] 65.1] 67.6| 93.0] 95.8] 90.6 
Range of total length 

in mm. 32-66 | 42-58 | 30-50 | 60-76 | 58-77 | 73-96 | 80-113) 81-119 
Stomachs with food 7 6 37 24 9 6 8 7 
Stomachs empty 1 1 3 0 2 6 1 


1 The June 30th collection was made in 1937 by Dr. W. J. Hamilton, Jr. 


GROWTH OF YOUNG PICKEREL 


The data on the length attained by 
young pickerel during the summer are 
summarized in Table 1. Ordinarily the 
ice does not go off Lincoln Pond until 
the last of April. The spawning season 
is probably completed by the middle of 
May. By the end of June the young had 
attained an average total length of 
about one and one-half inches. By the 
end of September they averaged nearly 
4 inches in length. There was a differ- 
ence, at that time, of about one and 
one-half inches between the smallest 
and largest young, the latter having 
reached a total length of nearly 5 inches. 
They outgrew the other four species of 
fishes in the pond but ate only young 
golden shiners and common sunfishes. 


Foop or YounG PIcKEREL 


The stomach contents of 104 young 
pickerel collected at intervals through- 
out the summer are analyzed in Table 2. 
An attempt was made to show trends 
in the type of food taken at various 
times during the summer by lumping 
the stomachs collected the last of June, 
those taken in late July and early 


August, and those assembled the last 
week in August. Unfortunately rather 
few stomachs were obtained during late 
August and September and the per- 
centages for that period are probably 
less significant. All of the food of the 
young pickerel was aquatic in origin. 
The most important food item was in- 
sects, which made up 64 per cent of the 
total volume of food. Of these, mayfly 
and dragonfly larvae were by far the 
most important (Fig. 1). Fishes com- 


FISHES 
GOLDEN SHINER 
COMMON BULLHEAD 


COMMON SUNFISH 


INSECTS 


MAYFLY LARVAE 


DRAGONFLY LARVAE 


PERCENTAGE OF VOLUME 
YOUNG PICKEREL OTHER PICKEREL 


MICROCRUSTACEA 


CRAYFISH 


Fig. 1. Comparison of the important food 
items of 104 young pickerel (27 to 101 mm. 
standard length) with those of 145 older 
pickerel (121 to 495 mm. which had passed 
through at least one winter) from Lincola 
Pond, Rensselaerville, New York. 
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TABLE 2 


THE STOMACH CONTENTS OF 104 YOUNG CHAIN PICKEREL (27 TO 101 MM. 
STANDARD LENGTH) FROM LINCOLN POND, 
RENSSELAERVILLE, NEW YORK 


Date collected 
Nature of specimens « 
June 16; 24; 30 July 28+ | Aug. 21; 31] Sept. 22 | Total 
Stomachs with food 50 33 14 7 104 
Stomachs empty 4 3 8 1 15 
Mean total length in mm. 40.6 65.7 4.8 0.6 — 
Range of total length 30-66 58-77 73-113 79-119 — 
Food item A B A B A B A B A B 
(Number of | (Percentage 
stomachs by volume) 
containing 
item) 
Fishe 3 13.6 15 | 38.6 | 11 | 77.1 4 | 54.3 | 37 | 32.8 
Golden shiner (Notemigonus c. cryso- 
leucas) 7 13.6 4 9.5 & | 35.7 3 | 40.0 | 19 | 17.1 
Common sunfish (Lepomis gibbosus) _ —_— 11 | 27.6 6 | 41.4 1} 14.3 | 18 | 15.2 
Fish remains! _ _ 1 1.5 | — _ _ _ 1 0.5 
Amphibians (frog tadpole) 1 — 1 0.8 
Insects 44 81.7 24 | 61.4 4/] 17.2 4 | 45.7 | 76 | 64.1 
Mayfly larvae, Ephemeroptera 42 74.0 10} 18.0|—| — 2 2.8 | 564] 41.8 
Odonata 1 0.8 16 | 38.8 4/ 17.2 4 | 38.6 | 25 | 17.6 
Dragon fly larvae 1 0.8 16 | 37.2 4117.2 3 | 25.7 | 24] 16.3 
Damsel fly larvae 1 1.5 | — 2 | 12.9 1.3 
Beetles (larvae and adults), Coleop- 
tera 1 0.3 2 3.8 | — -— 1 0.7 4 1.4 
Midge larvae, Diptera 9 4.2 _ _ — _ 1 3.6 | 10 2.2 
Insect remains! 2 2.4 _ 2 
Crustacea 12 4.7 -- 12 2.3 
Isoptera, Sowbug 1 1.8 — 1 0.9 


1 Not identified more specifically. 


~ posed only about one-half as great a 


volume (33 per cent) as the insect food. 
Only two species of fishes, the golden 
shiner and common sunfish, were found 
in the stomachs of the young pickerel, 
and only the young of these were eaten. 
Young yellow perch were present in the 
pond within the size range that the 
pickerel could handle but none were 
eaten. Both common bullheads and 
pickerel apparently grew too rapidly to 
serve as an important source of food for 
the young pickerel. The only crusta- 
ceans eaten were of small species 
(mostly Daphnia) that were found in 
the stomachs collected in June. They 
were present in small numbers and are 
probably of little importance to pickerel 
of that age (27 to 57 mm. standard 
length). Unfortunately no pickerel of 
the smallest sizes were taken and this 
must be considered when interpreting 


Table 2. Small specimens undoubtedly 
utilize minute crustaceans to a greater 
extent. 

Judging from the numbers and types 
of organisms found in the stomachs, it 
seems that the majority of young 
pickerel tend to feed on one kind of 
organism. An exception appears in the 
case of some small young taken in June 
in what seemed to be a transitional 
feeding stage. For example, no pickerel 
were found feeding on crustaceans alone 
but 12 stomachs contained both crusta- 
ceans and insects; 54 had only insects 
in their stomachs; 9 stomachs held both 
fish and insects; 28 contained only fish; 
and one pickerel had eaten a tadpole 
and an insect. In the 28 pickerel that 
ate only fish, the number of fishes in the 
stomach varied from one to six. Most 
stomachs (19) contained only one fish. 
With insects the number of individuals 
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TABLE 3 


THE STOMACH CONTENTS OF 145 CHAIN PICKEREL FROM LINCOLN Ponp 
RENSSELAERVILLE, NEW YORK. ALL PICKEREL WERE COLLECTED FROM 
JUNE 21 TO SEPTEMBER 22, 1939. EACH HAD PASSED THROUGH AT LEAst 
ONE WINTER AND THEY RANGED FROM 121 TO 495 MM. IN STANDARD 
LENGTH. OF THE 234 STOMACHS EXAMINED, 89 (38%) WERE EMPTY 


. stomachs of stomachs ercentage 

Food item containing | containing | by vebome 

item item 

Fishes 70 47.6 47.3 
Golden shiner (Notemigonus c. crysoleucas) 21 14.5 13.8 
Common bullhead (A meiurus n. nebulosus) 20 13.8 13.2 
Common sunfish (Lepomis gibbosus) 5 3.4 3.1 
Yellow perch (Perca flavescens) 5 3.4 3.0 
Chain pickerel (Esox niger) 4 2.8 2.8 
Fish remains! 17 11.4 

Amphibia 
Greenfrog (Rana clamitans) 4 2.8 1.9 

Insects 19 13.1 8.8 
Dragonfly larvae, Odonata 17 Ee 8.0 
Water strider, Hemiptera 1 0.7 0.7 
Beetle, Coleoptera 1 0.7 0.1 

Crayfish 65 44.8 42.0 


1 Not identified more specifically. 


per stomach varied from 1 to 9 and 
only 15 (out of 54) stomachs contained 
a single insect; 12 had two insects each; 
9 held three insects; and 6 contained 4 
insects. Variations in the type of food 
reflect feeding habits. Young pickerel 
were often seen poised several inches 
under the surface with head pointed up- 
ward toward a school of young golden 
shiners, and occasionally they would 
dart up and engulf one. Those young 
pickerel feeding at medium and lower 
strata eat young sunfishes and insects. 


Foop or JUVENILE AND 
ADULT PICKEREL 


The stomachs of 234 pickerel all of 
which had passed through at least one 
winter were examined. Food was found 
in 145 stomachs (62 per cent). An anal- 
ysis of this food is presented in Table 3. 
A further breakdown of the food of 
various arbitrarily chosen size groups 


and of the stomach contents at various 
times during the summer is given in 
Table 4. The food was 100 per cent 
aquatic in origin. No significant differ- 
ence was found in the type of food of 
the males and females. However, 68 per 
cent of the females and only 56 per cent 
of the males had full stomachs (Table 
5). Fishes (47 per cent by volume) and 
crayfishes (42 per cent) were the most 
important food items (Table 3). Insects 
(9 per cent) were of some importance 
although only large dragonfly larvae 
were utilized to any considerable ex- 
tent. 

Every species of fish present in the 
pond was eaten but golden shiners and 
bullheads were most often taken. The 
golden shiners eaten were largely one-, 
two-, and three-year old specimens 
varying in length from two to four 
inches. They were eaten by all siz 
groups of the pickerel except the very 
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TABLE 4 


THE FOOD OF 145 CHAIN PICKEREL ONE YEAR OR OLDER FROM LINCOLN 

POND, RENSSELAERVILLE, NEW YORK. THE NUMBER OF STOMACHS IN 

WHICH THE FOOD ITEM WAS FOUND IS LISTED FOR VARIOUS ARBITRARY 

SIZE GROUPS; FOR THE VARIOUS PERIODS DURING THE SUMMER; AND 
FOR METHOD AND PLACE OF CAPTURE 


Standard length in mm. 
121-150 9] 4 5 1 | — — 3 1 
151-200 34 | 19 | 10 1 2 1 d 1} 10 il 
201-250 16 | 10 | 10 1 4};—|—|]— 5/—|]— 5 
251-300 16 9 1 6 | — 1 | — 2 6 
301-350 37 | 22 | 15 5 4 1 1 1 3/—| 3] 22 
351-400 25 | 22 | 10 3 4|— 1 2 1 2 1 | 14 
401-450 7 9 1| — 1} — 5 
451-495 1 1 1 
Total 145 | 89 | 70 | 21 | 20 5 5 4|17 4] 19] 65 
Date collected 
June 21-29 6 3 2 7 
July 1-6 11 3 2 1 | — 9 
July 7-14 11 8 4 1}/—|—]— 1 2 1|/—] 6 
July 18-19 26 4) 15 5 6|— 3 1 3 | 10 
July 25-31 13 | 11 6 1 3/—]— 1 1 1|/—]| 6 
Aug. 1- 8 15 12 9 3 — 1|— 2 
Aug. 9-14 18 | 10} 11 1 5 1 1 1 2|;— 3 6 
Aug. 21-23 20 | 20! 10 3 1};—|— 1 5|—1! 3 8 
Aug. 24-31 14 | 13 1 2 4};—|— 1| — 3 6 
Sept. 22 6 2 3 1| — 
Total 145 | 89 | 70 | 21 | 20 5 5 4/117 4/19] 65 
Method and place of capture 
1. Seined along shore largely 
at night 65 | 31 | 34] 14 4 4 2 1} 10 1 | 14 | 22 
2. Caught by angling mostly 
more than 20’ from shore 
at a depth of 3 to 10’ 53 | 30 | 28 4|14|}—]| 8 3 5 1 2 | 26 
3. Gill nets set at a depth of 
4 to 10’ 27 | 28 8 3 2 1};—|— 2 2 3 | 17 


largest (of which few stomachs were 
obtained) and throughout the summer 
(Table 4). No young golden shiners 
were eaten. On the other hand all of the 
bullheads were young specimens. They 
appeared first in the pickerel stomachs 
in the third week in July and were taken 
throughout the remainder of the sum- 
mer (Table 4), These young bullheads 
Were avoided by the smaller pickerel. 
Only one out of 43 full stomachs of 


pickerel 121 to 200 mm. in standard 
length held a bullhead but 10 out of 
32 stomachs of those from 201 to 300 
mm. in standard length contained 
young bullheads. Young common sun- 
fish, yellow perch, and pickerel were 
eaten to a minor extent but not in direct 
proportion to their relative abundance 
in the pond as each of these three spe- 
cies was more common than the bull- 
heads. 
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TABLE 5 


THE DISTRIBUTION OF THE SEXES 

WITH REFERENCE TO THE NUMBER 

WITH FULL AND EMPTY STOMACHS 

OF 234 CHAIN PICKEREL FROM 121 

TO 495 MM. IN STANDARD LENGTH 

FROM LINCOLN POND, RENSSELAER- 
VILLE, NEW YORK 


Nature of Fe- |Imma- 

Specimens Males males | ture! Total 
Stomachs with 

food 58 82 5 145 
Stomachs 

empty 45 39 5 89 
Total 103 121 10 234 


1 Sex not apparent from a gross examina- 
tion in the field. 


The relatively high percentage (42 
per cent by volume) of crayfishes eaten 
is of considerable interest. They were 
taken throughout the summer (Table 
4). They were utilized by all size groups 
but were found least often in pickerel 
121 to 150 mm. in standard length and 
most frequently in the 301 to 500 mm. 
size group, 60 per cent of the stomachs 
of which held crayfishes. The numbers 
of organisms per stomach and the com- 
binations of organisms found in each of 
the 145 pickerel stomachs are condensed 
in Table 6. Most pickerel stomachs 


contained only fishes, crayfishes, in. 
sects, or frogs. In only 13 out of 145 
stomachs was a combination of these 
organisms found. Most of the pickere] 
stomachs (57 per cent) contained only 
one organism. Stomachs holding cray- 
fish are an exception since almost as 
many stomachs contained two individ- 
uals as contained one. A partial ex- 
planation of the greater average num- 
ber of crayfishes per stomach may bedue 
to a different rate of digestion. The 
crayfish is protected somewhat by its 
chitinous covering and likely remains 
longer in the stomach than fishes or 
other soft-bodied forms. This factor of 
a differential digestion rate should also 
be considered when interpreting the 
percentage of volume occupied by food 
items listed in Table 3. 

The prevalence of organisms found in 
the stomachs compared with their rela- 
tive abundance in the pond permits a 
few tentative generalizations. It is diff- 
cult to determine the exact numbers of 
any species present in a pond without 
the use of poison or draining off the 
water. Furthermore the population 
changes constantly as the young as well 


TABLE 6 


THE NUMBER AND COMBINATIONS OF TYPES OF ORGANISMS FOUND IN 

THE STOMACHS OF 145 CHAIN PICKEREL FROM LINCOLN POND, RENS- 

SELAERVILLE, NEW YORK. ALL PICKEREL WERE AT LEAST ONE YEAR 
OLD AND RANGED IN STANDARD LENGTH FROM 121 TO 495 MM. 


Number of pickerel stomachs containing only fishes, crayfishes, or insects 


Fishes (65 stomachs) Crayfishes (55 stomachs) Insects (10 stomachs) 


No. of fishes 1 2 3 fish re-| No. of crayfishes 1 2 3 4 5 | No. of insects 12345 
mains 
No. of pickerel No. of pickerel No. of pickerel 
stomachs 4351 16 stomachs 30 21301 stomachs 80011 
Number of pickerel stomachs containing the following combinations: 

Crayfish and insects Frogs only 
Crayfish and fish 2 Frogs and crayfish 1 
Fish and insects 2 Frogs and fish 1 
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as older fishes are utilized for food. 
However, the writer feels that the main 
types of food of large pickerel in Lincoln 
Pond may be listed in order of their 
abundance with a fair degree of accu- 
racy. The order of frequency with the 
most common item first is as follows: 
(1) Insects, (2) fishes, (3) crayfishes, 
(4) frogs. The failure of large pickerel to 
feed on insects to any degree despite 
their abundance is due to a preference 
for larger food. Further evidence for 
this is seen in the type of insect food 
eaten since only large dragonfly nymphs 
were taken. Fishes were next in abun- 
dance in the pond and occupied first 
place in percentage by volume of the 
stomach contents (Tables 3 and 4). 
Crayfishes occur next in abundance 
both in the pond and in the stomachs. 
However, crayfishes were present in a 
much greater number of pickerel stom- 
achs than would be expected from the 


relative numbers of crayfishes and . 


fishes in the pond. Golden shiners ap- 


peared to outnumber the crayfishes, yet. 


they were found in only 21 stomachs 
(making 14 per cent by volume) while 
crayfishes occurred in 65 stomachs 
(contributing 42 per cent by volume). 

A list of the species of fishes present 
in the pond arranged in the order of 
their abundance beginning with the 
most common follows: (1) Golden 
shiner, (2) common sunfish, (3 and 4) 
either yellow perch or chain pickerel, 
and (5) common bullhead. By referring 
to Table 3 it is seen that the bullhead, 
which was considered the least common 
fish in the pond, was found in about the 
same number of stomachs and in about 
the same percentage by volume as the 
most common fish, the golden shiner. 
Only young bullheads were eaten by the 


pickerel. The failure of large pickerel to 
eat young golden shiners would appear 
to be related to the factor of size which 
operated also in the case of most in- 
sects. The conclusion appears obvious 
that large pickerel are rather lazy feed- 
ers and prefer to grub along shore for 
crayfishes or to eat the relatively slow- 
moving young bullheads which they 
evidently can handle easily despite 
their sharp dorsal and pectoral spines. 
Perhaps most other fishes eaten ate 
those individuals which come close to 
the waiting pickerel and are engulfed 
after a short rush. It also seems likely 
that any disabled fish would soon be 
eaten by a pickerel. No golden shiner 
remained unmolested for more than 
half an hour when used as bait. Many 
pickerel were caught on golden shiners 
under conditions where they were seen 
attacking the bait. Some swam rather 
slowly up to the bait and grasped it but 
others seized it after a short rush. 
Pickerel were seen to capture unhooked 
shiners, but, when available, they al- 
ways chose the hooked specimen, that 
is the one that moved more slowly. 

A few additional observations on 
feeding habits appear pertinent. Pick- 
erel capture food at night as well as by 
day. They were seen in the acts both of 
seizing and engulfing organisms after 
dark. A minnow was typically grasped 
by the middle, especially if it was a 
large specimen but was manipulated 
and swallowed at a rate depending on 
the relative sizes of the pickerel and the 
bait. Large pickerel often took as much 
as a minute to swallow a minnow. 
A type of pugnacious behavior was 
noted a number of times at night es- 
pecially on the part of large pickerel. 
This consisted in their turning toward 
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and making the beginning of an attack 
against a large object such as the end 
of an oar or a boot dangled in the water. 
However, no pickerel was seen to strike 
such an object. The offensive rush 
toward a strange object was usually 
followed by a swift retreat into deeper 
water. 


COMPARISON OF THE Foop oF 
YOUNG AND OLDER PICKEREL 


The main difference, as one might 
expect, between the food of young and 
older pickerel is largely in the sizes of 
the food organisms (Fig. 1). With the 
very small pickerel, micro-crustaceans 
were important. After the middle of 
June insects were the dominant food 
but young golden shiners were taken in 
numbers and made up about 14 per cent 
of the stomach contents (Table 2). 
Among the insect food, mayfly nymphs 
predominated, though those of dragon- 
flies were also commonly eaten. Grad- 
ually more fishes, as golden shiners and 
common sunfishes, were eaten and in 
general fewer insects were taken. 

With older pickerel, fishes and cray- 
fishes were about equally important 
(Table 3). Insects were of minor value 


and those found in the stomachs were 
mostly large dragonfly nymphs. Young 
bullheads, sunfishes, and pickerel were 
eaten by the larger pickerel but all of 
the golden shiners taken were more than 
one year old. No crayfishes were found 
in the stomachs of young pickerel but 
they were very important food for thoge 
over 150 mm. in standard length at all 
times during the summer. An increasing 
tendency for the specimens larger than 
300 mm. standard length to eat cray- 
fishes was noted (Table 4). 


LITERATURE CITED 


Apams, CHARLEs C. T. L. 

1928. The ecology and economics of 
Oneida Lake Fish. Bul. New 
York State College of Forestry, 
Syracuse University, Vol. 1, No. 
4a (Roosevelt Wild Life Annals, 
Vol. 1, Nos. 3 and 4): 235-548. 

Hunter, George W. III, anv Joan §. 
RANKIN JR. 

1939. The food of the pickerel. 

Copeia. 1939 (4): 194-199. 
Raney, Epwarp C. 

1940. Summer movements of the 
bullfrog, Rana catesbeiana Shaw, 
as determined by the jaw-tag 
method. Am. Midl. Nat. 23: 733- 
745. 


Edward C. Raney 
Department of Zoology 
Cornell University 
Ithaca, New York 


cel 


g 
v 
Cc 
t 
c 
t 
I 
1 
( 


= 

wa 

tw 

| Lo 

res 

| ha 

pr 

tri 

sn 

de 

de 

ti 

m 

(1 

te 

he 

| is 

a) 

| d 

| d 

| | 


NOTES ON A METHOD FOR CENSUSING 
SNOWSHOE HARE POPULATIONS! 


William L. Webb 


In May, 1935, a “strip method” for 
censusing snowshoe hare populations 
was devised and it was used for nearly 
two years on a number of areas in St. 
Louis County, Minnesota. Although the 
results were encouraging, the method 
has not been thoroughly tested. It is 
presented at this time as a tentative 
proposal in the hope that it will be 
tried by others in various varts of the 
snowshoe hare range. 

The method is a modification of that 
devised by R. T. King (unpublished 
data) to census ruffed grouse popula- 
tions. Because King’s grouse census 
method has been described by Fisher 
(1939) and others, it seems unnecessary 
to present a detailed description of it 
here. Briefly, the ruffed grouse census 
is taken by walking along lines } mile 
apart and determining the “flushing 
distance” of the birds seen, that is the 
distance from the point where the 
grouse is flushed to that of the observer 
at the time it flushes. Success with 
grouse is due largely to the fact that 
when these birds flush they make a 
considerable noise with their wings, so 
that none of the birds are overlooked. 
The number of birds flushed on the 
census line is the population of a strip, 
the length of which is the number of 
miles of census line covered, and the 
width is twice the average flushing 
distance. 


1 Paper No. 9 of the Scientific Journal 
Series of the Roosevelt Wildlife Forest Ex- 
periment Station, New York State College 
of Forestry, Syracuse, N. Y. 


The ruffed grouse census method is 
not directly applicable to snowshoe 
hares because of the difference in flush- 
ing behavior of these animals. The ob- 
server may see the hares that move 
ahead of him and those which remain 
motionless until he is very close, but 
those that move to the right or left are 
not ordinarily seen. 

If the jumping distance of each hare 
seen is measured and the average dis- 
tance computed, the width of the strip 
would be the distanced AB in figure 1. 
This strip is too wide, however, because 
the hares are not ordinarily seen when 
they jump near points A and B. If the 
angle from the census line to the line 
representing the jumping distance is 
measured in the field and the average 
of these “jumping angles” is computed, 
it is possible to determine the average 
width of strip on which the hares are 
seen (distance CD in Figure 1). The 
width of strip is determined indirectly, 
therefore, by measuring only the jump- 
ing distance and jumping angle in the 
field. In most cases it is not feasible to 
determine the width of strip in the field 
because the census line is merely a 
course by compass and not a definite 
line on the ground. 

In taking a snowshoe hare census by 
this method, the observer should walk 
along enough lines (} mile apart) to 
fairly sample the area. For all hares 
seen, he should determine the jumping 
distance in yards and the jumping angle 
in degrees of arc. 

The computations necessary are sim- 
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A 


ossenver”” 


B 


CENSUS LINE 


Fig. 1. Dots represent the points from which hares were jumped in May, 1935. Average 
jumping distance (shown as OA, OB, OC, and OD) 9.1 yards. Average jumping angle (angles 
COS and SOD) 32°47’. Distance CD is the width of strip. 


ilar to those used in determining the 


grouse populations by King’s method. 
The average jumping distance and the 
average jumping angle are determined, 
and the following formula is used to 


compute the total population: 


AZ 


P=9XY sine D 


TABLE 1 


when: 


P=total population 
A=total area in square yards 
Z=numbers of hares seen 


X =length of line in yards 


Y=average jumping distance in 


yards 


D=average jumping angle in degrees 


of are. 


SNOWSHOE HARE POPULATIONS, SAMPLE AREA (2,520 ACRES) C.C.C. CAMP 
S-51, TOWNSHIP 55N, RANGE 14W, ST. LOUIS COUNTY, MINNESOTA 


Length Number Average Average 
Date _of line of hares jumping 

in miles jumped (yards) angle aaile 
Oct. 30—Nov. 1, 1935 32.7 34 6.1 33°58’ 268 
Jan. 9-10, 1936 32.0 19 10.5 31°46’ 94 
April 1- 3, 1936 36.75 14 14.1 31°45’ 45 
Oct. 12-13, 1936 32.7 13 5.3 35°41’ 113 
Jan. 12-15, 1937 34.0 9 11.1 33°52’ 38 
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The method has been used on one 
area five successive times by Marius 
Morse, who was at that time Junior 
Biologist at C.C.C. Camp S-51, St. 
Louis County, Minnesota. With his 
permission, the results of these censuses 
are presented in Table 1. In comparing 
the population data, it is interesting to 
note that the period from 1935 to 1937 
was that of greatest cyclic decimation 
of snowshoe hares on the Lake Alex- 
ander Area, Morrison County, Minne- 
sota (Green and Evans, 1940). 
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THE SUBSTITUTION OF HARD SEEDS FOR GRIT 
James Beer and Wayne Tidyman 


In connection with our food-habits 
studies of the Blue and Ruffed Grouse. 
respectively, we noted a relationship, 
between the volumes of grit and of hard 
seeds found in the birds’ stomachs. Ma- 
terial from several other species being 
available, a more detailed study of the 
subject was made. The stomach con- 
tents of 323 birds of nine gallinaceous 
and one passerine species were exam- 
ined as follows: 


small, angular, hard seeds, which answer per- 
fectly the purpose of the gravel. 
This observation indicated a complete 
resort to other grinding material in 
winter when grit was unobtainable, 
However, gravel was readily available 
in the areas from which our birds were 
obtained and its lack does not appear 
to be the explanation for dependence 
upon hard seeds. 

Analyzing the stomach contents of 


Species Number of Stomachs 
Blue Grouse Dendragapus obscurus 112 
Blue Grouse Dendragapus fuliginosus 3 
Ruffed Grouse Bonasa umbellus 39 
Bob-white Colinus virginianus 9 
California Quail Lophortyx californica 25 
Pheasant Phasianus colchicus 48 
Franklin’s Grouse Canachites franklini 13 
White-tailed Ptarmigan Lagopus leucurus 4 
Hungarian Partridge Perdix perdix 33 
Crow Corvus brachyrhynchos 37 


The study indicates a definite supplant- 
ing of grit by hard seeds in the first six 
of the ten species listed and a possible 
replacement in others. 

Complete substitution has been re- 
corded but little has been written con- 
cerning the partial process. Thompson 
[Ernest Thompson Seton] (1890) wrote 
in reference to the Sharp-tailed Grouse 
(Pedioecetes phasianellus) : 

On the Big Plain, stones of any kind are 
unknown and in nearly all parts of Manitoba 
gravel is unattainable during the winter; so 
that the “chicken” and other birds that re- 
quire these aids to digestion would be at a 
loss were it not that the friendly rose also 
supplies this need; for the hips, besides being 
sweet and nutritious, contain a number of 


70 


twenty-nine Sharp-tailed Grouse shot 
in late October, Swenk and Selko (1938) 
found that grit made up only 0.82 per 
cent by weight of the gizzard contents, 
while rose seeds constituted 31.33 per 
cent. 

Use of grit for grinding is presumed 
to be necessary to gallinaceous birds in 
making the most efficient utilization of 
their food. Some seeds, however, also 
seem satisfactory for the purpose. 
Table 1 records the occurrence of the 
hard seeds that were considered to have 
been utilized as substitutes for grit by 
nine groups of birds studied. 

In determining the seeds that were 
thought capable of replacing grit, spe 
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cial attention was given to hardness as 
well as shape. Hard seeds were not 
found crushed in any quantity, even 


Ruffed Grouse, California Quail, and 
Pheasant. 
A chemical analysis, made in order to 


TABLE 1 
STOMACHS EXAMINED 
. | Ring- White-| Hun- 
Blue |Ruffed| Bob- necked tailed | garian| Occur- 
grouse?| grouse] white pheas- 8 | ptar- | par- TOW | rences 
q ant | #Touse migan| tridge 
No. of stomachs | 115 39 9 25 48 13 4 33 37 | 323 
No. containing: 
Grit 113 34 7 25 44 13 4 33 35 | 308 
Rosa 19 11 3 2 28 2 65 
Symphoricarpos'| 16 10 ‘ 26 
Smilacina 15 3 2 20 
Prunus 14 3 3 9 29 
Arctostaphylos 8 2 10 
Pinus 6 1 rs 
Lithospermum 5 5 
Crataegus 2 2 24 1 29 
Convolvulus 6 6 
Cornus 6 1 2 27 36 
Rhus 1 1 34 36 
Disporum 1 
Solanum 3 3 
Unidentified 9 6 2 17 


1 Classed here when there was a very low grit volume combined with a high volume of 


Symphoricarpos. 


* Includes two species. 


though grit may have been present. The 
grit-replacing seeds may appear worn, 
however, just as grit does when it has 
been used in grinding. Seeds of Rosa 
and Prunus were found most frequently 
as replacements for grit. 

Besides the mechanical function, 
hard seeds may serve in another ca- 
pacity. McCann (1938) suggested that 
a turnover of grit is necessary in order 
for the birds to obtain an adequate 
supply of calcium. His experiments 
with the Ring-necked Pheasant and the 
Bob-white Quail indicated that quartz 
grit did not supply this mineral but that 
glacial gravel was satisfactory in fur- 
nishing calcium. Most of the birds in 
our study had taken quartz; this was 
especially true of the Blue Grouse, 


determine if the hard seeds could fur- 
nish calcium, established the presence 
of that element in the seed-coats. Thus 
when hard seeds are substituted for grit, 
their coats may be of some aid in sup- 
plying calcium, even to birds whose 
stomachs contained some gravel. The 
calcium of the hard seed-coats probably 
occurs in the form of a pectinate, an 
organic compound, which, presumably, 
would be more available for assimila- 
tion than the calcium of grit. Quartz, 
being silicon dioxide, could not supply 
calcium and a test of several grit 
samples for calcium gave negative re- 
sults. 
PROCEDURE 

All calculations used in this paper are 

based on dry volumes. That type of 
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measurement was used as more nearly 
representing conditions within the giz- 
zard, although a water-displacement 
measurement might have given more 
accurate net figures. 

The grit: hard-seed proportion was 
found to be substantially the same in 
both adult and young birds. The data 
for young birds were weighted so that 
they are directly proportional to those 
for an average adult. 

In the construction of the graphs 
(Figs. 1-6), the birds were grouped ac- 
cording to the volumes of grit in their 
stomachs; the volume actually plotted 
is an average for the group. When hard 
seeds were present, their average bulk 
was calculated and plotted beside that 
of the grit. Thus, ready comparison of 
the volumes of grit and hard seeds is 
possible. 

The ten species of birds may be di- 
vided into three groups; one in which 
substitution of seeds for grit occurs (six 
species), one in which little or no re- 
placement was found (two species), and 
one in which the process is questionable 
(two species). It is possible that use of 
hard seeds in lieu of gravel may occur 
at times in most species of granivorous 
birds. 

The three groups mentioned are as 
follows: 


Substitution, 


Occurs in: 
Richardson’s blue grouse 
Sooty blue grouse 
Ruffed grouse 
Bob-white 
California quail 
Ring-necked pheasant 

Was not found in: 
White-tailed ptarmigan 
Hungarian partridge 

Is questionable in: 


Franklin’s grouse 
Crow 


BivuE Grouse 


(Dendragapus obscurus and 
D. fuliginosus) 


The two species of Blue Grouse were 
considered together because of their 
similarity in habitat and their close 
taxonomic relationship. One hundred 
and twelve stomachs of D. obscurus and 
three of D. fuliginosus were analyzed 
for grit and hard seeds. The birds came 
from several sections of Washington 
and represented a period of about four 
months in the late spring, summer, and 
fall. 

Tables 2 and 3, and Figure 1, present 
the data from 115 stomachs. A very 
definite trend toward the substitution 
of hard seeds for grit is apparent. The 
grit volume varied from about sixteen 
cubic centimeters to one-half cubic 
centimeter. As it decreases, that of hard 
seeds increases, beginning when the 
grit averages about twelve cubic centi- 
meters. The averages for hard seed 
volume do not follow a_ straight-line 
tendency when graphed, but rise 
sharply when the average volume of 
grit is less than four to five cubic centi- 
meters. It is thought that reduction in 
the abrasive action of the grit upon the 
hard seeds may in part account for this 
abrupt increase. When seeds are present 
in quantity, they may even cause a 
passing of the grit from the gizzard. 

The trend shown in Figure 1 is 
toward a much lower volume of grit 
when the bulk of hard seeds is high. For 
example, when the average quantity of 
grit is below one cubic centimeter, the 
volume of hard seeds increases to an 
average of about eleven and one-half 


— 
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TABLE 2 
FREQUENCY DISTRIBUTION OF GRIT AND HARD SEEDS 
IN CUBIC CENTIMETERS 
Blue Ruffed Bob- California ed 
grouse grouse white quail necked Crow 
pheasant 

ce. gr. | sd. | gr. | sd. | gr. | sd. | gr sd. | gr. | sd. | gr. | sd. 
0 -.1 4 | 78 9 5 4 0 1 15 5 8 6 3 

.1l- 1 5 8 11 4 5 4 23 9 14 3 13 9 
1.1- 2 3 5 7 A 0 2 12 iz 14 11 
2.1- 3 4 2 6 5 0 3 9 5 2 4 
3.1- 4 3 4 3 8 2 2 1 3 
4.1- 5 7 4 2 3 4 8 0 4 
5.1- 6 12 0 0 2 0 4 0 0 
6.1- 7 13 2 1 2 1 1 0 0 
7.1- 8 15 1 0 1 0 1 1 1 
8.1- 9 16 : 0 0 
9.1-10 16 0 0 0 
10.1-11 3 + O 0 0 
11.1-12 6 3 0 0 
12.1-13 3 1 0 1 
13.1-14 1 1 
14.1-15 2 2 
15.1-16 1 0 
16.1-17 1 1 
23 . 1-24 0 1 

TABLE 3 


VOLUMES OF GRIT AND HARD SEEDS IN 115 BLUE GROUSE STOMACHS 


Grit Seeds Grit Seeds Grit Seeds Grit Seeds Grit Seeds 
16.1 0 9.4 0 8.3 0 6.6 0 4.7 0 

15.2 0 9.4 0 $.3 0 6.5 5. 4.2! 0 

14.4 0 9.4 0 $.1 4 6.4 0 4.2 1.2 
14.2 4 9.2 0 8. 0 6.4 3 4.1 11.5 
13.8 0 9.2 0 ye 0 6.3 0 4. 5 
0 9.2 0 0 6.2 0 a2 8.1 
12.3 0 9.2 0 7.8 mY 6.1 0 3.1 0 

12.1 0 9.2 0 (ae a 6.1 4 3. 4 
13. 0 9.1 0 | 0 6. 0 3.5 6.2 
11.8 0 9.1 0 ae .6 6. 0 2.4 4. 

11.5 0 9. 0 7.8 4.2 5.9 0 2.3 5. 

0 8.9 0 0 5.9 2, 0 

1.2 0 8.9 0 rie 0 5.8 0 1.4 14.2 
11.1 t? 8.8 0 ah 1.6 5.8 0 1.3 6.9 
10.6 3.5 8.7 0 yee 0 5.8 0 i. 1.4 
10.6 0 0 1.8 5.8 16.8 
10.4 | 8.6 0 7.38 5.6 0 4.9 
10. 0 8.6 t? - 0 5.6! 0 ak 13.1 
10. 2.4 8.5 0 i 0 5.6 7.8 lt 14.2 
10. 0 8.5 3.8 os 4.1 5.1 0 t? 11.6 
10. 0 8.4 0 6.8 0 5. 0 t? 23 .4 
10. 0 8.4 1.6 6.6 0 ms 2.5 0 11.5 
9.8 3 8.3 0 6.6 0 4.7 0 0 12.3 


1 Dendragapus fuliginosus. 
Trace. 
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Figs. 3 and 4. Grit: hard-seed relationship as based on one cc. groups of grit. 
Fig. 5. Grit: hard-seed relationship as based on one-tenth cc. groups of grit. 
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cubic centimeters. When the average 
amount of grit is more than eleven cubic 
centimeters, the hard-seed volume is 
approximately zero. 

The extreme right bar of the graph 
(Fig. 1) represents the volume of hard 
seeds (14.7 cc.) when the grit volume is 
reduced to a trace or less—which is 
almost complete replacement, a condi- 
tion noted in four of the Blue Grouse 
gizzards. In this curve, trend toward 
substitution of hard seeds for grit is 
well shown, probably because the num- 
ber of specimens was sufficient to give 
representative data. 

The results are all the more interest- 
ing because both hard seeds and grit 
were readily available in the habitat of 
most of the Blue Grouse. Grit was ac- 
cessible to all birds that could get seeds. 
Some birds did not have a very plentiful 
supply of hard seeds but had abundant 
grit. Some of the plants that furnished 
hard seeds made up a considerable part 
of the ground cover. Our field notes for 
the summer of 1940 record the grouse as 
using Symphoricarpos, Prunus, and 
Rosa cover extensively. On the other 
hand, dusting places, where grit could 
easily have been obtained, were very 
numerous. Six dusting places were seen 
in a cattle trail within a quarter of a 


mile. Pits resulting from windfalls were 
abundant enough to be available to al 
grouse. The bunchgrass meadows, 
which were also popular dusting Sites, 
provided another possible source of grit, 
The substitution tendency is evident, 
however, despite the ease with which 
grit could be obtained. 


RuFFED GROUSE 
(Bonasa umbellus) 


The stomachs of thirty-nine Ruffed 
Grouse were examined for the grit and 
hard-seed content. They represent dif- 
ferent sections of Washington and ad- 
jacent Idaho and were taken over a 
period of six months, from June through 
December. Probably, therefore, they 
constitute a fairly representative, even 
though small, sample. 

Tables 2 and 4 and Figure 4 show the 
tendency for hard seeds to replace grit 
in the grinding material of the Ruffed 
Grouse. As with the Blue Grouse, the 
trend is toward an increasing volume of 
hard seeds with a decreasing bulk of 
grit. The average amount of seeds in- 
creases rapidly when the average quan- 
tity of grit is less than four cubic centi- 
meters. The average volume of seeds 
increases from zero to almost four cubic 
centimeters and the average bulk of 


TABLE 4 


VOLUMES OF GRIT AND HARD SEEDS IN 39 RUFFED 
GROUSE STOMACHS 


Grit Seeds Grit Seeds Grit Seeds Grit Seeds Grit Seeds 
6.5 0 2.8 a 1.5 3. aa 4.4 0 6. 
5. a 2.6 2.4 1.5 1.5 eS 4.5 0 3.3 
4.4 0 2.5 3.5 0 2.3 
3.8 0 2.4 3.4 is 6.6 sa .6 0 3.6 
3.6 0 2. 4.4 4 6.1 Pa 2. 0 3.7 
3.2 1.6 0 0 4. 
3. 5 2. 5.6 .2 3.6 t 4. 0 a3 
2.9 2.2 1.6 2.8 a= 1.5 0 4, 
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grit decreases from about six and one- 
half cubic centimeters to zero. The 
average volume of seeds is thus thirty 
times greater than that of grit when this 
is less than one cubic centimeter. In 
stomachs that averaged more than four 
cubic centimeters of grit, the hard seed 
substitution was negligible. The average 
amount of grit was almost twenty-four 
times greater than that of hard seeds 
when the grit was between four and five 
cubic centimeters per gizzard. Complete 
substitution of hard seeds for grit oc- 
curred in nine Ruffed Grouse (Table 4) 
as compared with but four for the Blue 
Grouse (Table 3). 

The Ruffed Grouse were most often 
found in an Aspen-Rosa-Prunus asso- 
ciation. Both seeds and grit were readily 
available over all of the habitat and 
there was a well-marked tendency 
toward the substitution of hard seeds 


Bos-WHITE 
(Colinus virginianus) 


Data from only nine specimens of the 
Bob-white were available for study. 
Seven of these are from Tennessee and 
the other two from southeastern Wash- 
ington. Figure 2 and Table 2 based on 
the findings from these specimens show 
that a substitution for grit is recogniz- 
able even in these limited data. The 
average volume of hard seeds is only 
0.1 ce. when that of grit is 0.6 ce. When 
the average bulk of gric is below 0.1 cc., 
that of seeds has increased to 2.7 cc. 
The amount of seeds in a stomach con- 
taining less than 0.1 ce. of grit is about 
twenty-seven times greater than in one 
having over 0.7 ce. grit. Nearly com- 
plete substitution of hard seeds for grit 
occurred in three stomachs (Table 5, 
Fig. 3). 


Stoddard (1931) states that the 
amount of grit taken by Bob-whites is 
very variable. He found that grit de- 
creased when hard seeds were eaten in 
quantity. 

TABLE 5 


VOLUMES OF GRIT AND HARD SEEDS 
IN 9 BOB-WHITE STOMACHS 


Grit Seeds Grit Seeds 
ak 2.7 
t 3. 
3 t 1.9 
2 1.3 0 2.4 
8 


CALIFORNIA QUAIL 
(Lophortyx californica) 


Of the twenty-five California Quail 
examined, thirteen were adult and 
twelve immature. All were obtained 
during a period of three months in the 
summer. Many of the hard-seeded fruits 
were not available at that time, yet a 
substitution tendency was indicated. 
Figure 5 and Table 2 show the degree of 
replacement of grit by hard seeds. The 
rate of replacement is not so rapid in the 
California Quail as in the species dis- 
cussed previously. The volume of seeds 
increases from an average of about .02 
ce. in a stomach containing .67 cc. of 
grit, to .22 cc. with .15 ce. of grit. This 
increase is about eleven times the mini- 
mum volume. The rate of increase of 
the bulk of hard seeds with decrease in 
the amount of grit is very gradual. Grit 
was present in every specimen exam- 
ined (Table 6) and no instance of 100 
per cent substitution occurred. 

Lack of data may account for the less 
pronounced substitution found in this 
quail. During the season when these 
birds were obtained, grit was more 
readily obtainable than hard seeds. It 
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TABLE 6 


VOLUMES OF GRIT AND HARD SEEDS IN 24 CALIFORNIA 
QUAIL STOMACHS 


Grit Seeds Grit Seeds Grit Seeds Grit Seeds Grit Seeds 
.74 0 4 t t 2 
t 5 0 4 0 0 15 
1 45 4 t 3 0 14.195 
-56 t 43 t .38 .04 -28 0 -04 6 
5 t 4 0 .31 Re -25 0 


is believed that a greater grit replace- 
ment may occur,when seeds, become 
more available during fall and winter. 


Rinc-NECKED PHEASANT 
(Phasianus colchicus) 


The fall hunting season furnished the 
forty-eight adult Pheasants examined. 
With but four exceptions all the birds 
were from Whitman County in south- 
eastern Washington. Tables 2 and 7, 
and Figure 3, summarize the data which 
indicate a tendency toward substitution 
of hard seeds for grit. Such seeds appear 
in appreciable volumes when the aver- 
age amount of grit is less than five cubic 
centimeters. The bulk of hard seeds 
tends to equal that of grit when the 
latter amounts to two or three cubic 
centimeters. With an average grit con- 
tent of 6.2 cc., there is no appreciable 
seed volume, but when the amount of 


grit is less than 1.0 cc. seeds average 
2.7 cc. The Pheasant is much like the 
Ruffed Grouse in that the volume of 
hard seeds taken, after reaching a cer- 
tain point, tends to level off despite the 
decreasing grit volume. This is shown in 
Figure 3, an average seed bulk of 3.1 
cc. occurring with an average grit 
volume of 1.4 cc. However, the average 
quantity of hard seeds is but 2.7 ce. 
when that of grit is zero. A possible 
explanation for this finding may be that 
all of the birds were collected in the 
same habitat and over a short period of 
time (about two months), when a maxi- 
mum substitution point may have been 
reached for the birds as a group. 
Hard seeds are generally more avail- 
able than grit during periods of deep 
snow, hence if data for winter were 
available, they would probably show a 
greater replacement of grit by seeds. 


TABLE 7 
VOLUMES OF GRIT AND HARD SEEDS IN 48 PHEASANT STOMACHS 


Grit Seeds Grit Seeds Grit Seeds Grit Seeds Grit Seeds 
6.1 0 2.8 4.7 1.6 4.5 9 2.6 a6 42 
4.7 0 2.3 0 1.4 i | 9 2.8 an 0 
4.4 2.3 3.1 1.3 1.8 5.4 
4.3 1.2 2.3 .6 1.3 5.4 Pe 2.8 0 0 
4.2 3.1 2.2 1.2 1.3 _- .7 0 0 2.8 
3.9 0 1.2 0 2.6 0 4.1 
3.5 2. 1.9 3.5 | 6.1 .6 0 0 4.1 
0 1.8 2.6 4.4 73 

2.9 5.9 1.8 1.3 a. 4.6 .3 om 

2.8 5.2 1.8 5. 2. 1.8 3 2. 
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This conjecture is substantiated to some 
degree by the work of Fried (1940), who 
found that the Ring-necked Pheasant 
took fruits and berries (the source of 
hard seeds) in the greatest proportions 
during December, January, February, 
and March. 


FRANKLIN’s GROUSE 
(Canachites franklinz) 


The thirteen stomach contents of the 
Franklin’s Grouse examined showed no 
tendency toward the replacement of grit 
by hard seeds. This species lives at 


Although the limited material in our 
possession does not indicate a substitu- 
tion of hard seeds for grit with this 
species, it seems probable that such a 
change would occur at times in areas 
where hard seeds are available. 


Crow 
(Corvus brachyrhynchos) 


Material representing a passerine spe- 
cies is reported upon in addition to that 
for the gallinaceous birds. It consisted 
of the stomachs of thirty-seven crows 
taken during the winter in Tennessee 


TABLE 8 
VOLUMES OF GRIT AND HARD SEEDS IN 37 CROW STOMACHS 


Grit Seeds Grit Seeds Grit Seeds Grit Seeds Grit Seeds 
7.5 9 on 1.4 .43 -3 2.8 
3.4 1.6 1.2 5. .6 1.4 2.1 
2.3 1.5 1.9 12.7 4 1.4 4.9 
3.1 4.4 1.5 .06 1.1 0 4 1.8 Pe 3.2 
1.8 1.5 3.4 4 7.6 0 
1.9 1.5 1.5 2.2 2.3 
0 9 
0 4.7 


rather high altitudes during the summer 
where plants with hard seeds are not 
generally available. On the other hand, 
grit is very plentiful. 

According to Judd (1905),%bunch- 
berry (Cornus canadensis), juniper, and 
bearberry (Arctostophylos uva-ursi) are 
foods of the Spruce Grouse (Canachites 
canadensis). The Spruce and Franklin’s 
Grouse are so closely related that the 
food habits of the two would presum- 
ably be similar. The plants mentioned 
would furnish hard seeds capable of re- 
placing grit. Table 1 lists Arctostaphylos 
as used by the Blue and Ruffed Grouse, 
and Cornus by the Ruffed Grouse, 
California Quail, Pheasant, and Crow. 


(Wing, 1940). Tables 2 and 8, and 
Figure 6, based on analyses of these, 
indicate that there is some tendency 
toward the substitution of seeds for grit. 
It is, however, neither so uniform nor so 
marked as in the gallinaceous species. 
Replacement is indicated in the ex- 
tremes of Figure 6. Thus, when the 
average grit volume is 7.5 cc. that of 
hard seeds is only 0.9 cc., but with an 
average grit quantity of 0.4 cc. that of 
hard seeds increases to 2.0 cc. Zero 
volume of grit occurred only twice and 
cannot be considered representative of 
the group. It is difficult to fix a point at 
which the hard seeds begin to replace 
the grit, but it would seem to occur 
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when the average volume of grit is less 
than 3.0 cc. Below that point, the bulk 
of seeds exceeds that of grit. There is a 
tendency to reduce the volume of both 
hard seeds and gravel in grit groups 


of this species hard seeds substitute for 
grit except under unusual conditions, 
as few such seeds are available jp 
Ptarmigan habitat. These birds are 
found among massive rocks above 
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Fig. 6. Grit: hard-seed relationship as based on one cc. groups of grit. 


3-4, 2-3, and 1-2. The quantity of hard 
seeds instead of increasing with the de- 
creasing volume of grit, decreases 
slightly as compared with the next 
lower bulk of hard seeds. 

For these crows, according to Wing 
(1940), “Corn, Dogwood, Dwarf Su- 
mac, and Poison Oak were the principal 
food species.”’ All of these plants except 
corn furnish grit-supplanting seeds. It 
is possible that more complete extensive 
collections would show a greater tend- 
ency toward grit replacement. 


Wuirte-TaILep PTARMIGAN 
(Lagopus leucurus) 
Only four specimens of the White- 


tailed Ptarmigan were available for 
study. It is doubtful whether in the diet 


timberline where the ground cover is 
generally scanty, consisting mostly of 
Carex and of a few small perennial 
herbs. Unless the Ptarmigans were 
driven from the mountain top into the 
timber by severe weather, there would 
be little chance of their finding hard 
seeds that could substitute for grit. 


HUNGARIAN PARTRIDGE 
(Perdix perdizx) 


The Hungarian Partridge specimens 
used in this study were taken in south- 
eastern Washington during the hunting 
season. An examination of thirty-three 
gizzards failed to reveal any substitu- 
tion of hard seeds for grit. The food of 
the Partridge in this area seems to con- 
sist mainly of cultivated plants, 48 
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wheat, oats, and barley and does not 
include species that would furnish seeds 
suitable for replacing the easily-ob- 
tained grit. 


Discussion 


In considering all of the birds here 
reported upon, as a group, it would ap- 
pear that availability may be one factor 
in the substitution of hard seeds for 
grit. In the case of the Ptarmigan, it 
may well have been the principal factor. 
The relatively greater availability of 
seeds in winter may be important in 
many areas where deep, lingering, 
snows prevail. This possibility was 
noted in the discussion of the Pheasant. 

When hard seeds and grit are equally 
obtainable, the situation is changed and 
explanation of differential use by rela- 
tive availability is barred. The Blue and 
Ruffed Grouse, Bob-whites, and to a 
lesser degree the Pheasants examined in 
this study, all had easy access to both 
items, yet all showed a substitution 
tendency. This finding suggests that 
when both grit and seeds are readily 
obtainable, it is possible that the food 
item would be given preference. Nelson 
(1938), in reporting upon analyses of 
107 gizzards of the Ruffed Grouse, 
stated that gizzards with a lower than 
average quantity of gravel showed a 
higher quantity of hard seeds than did 
gizzards with a more than average sup- 
ply of grit. It may also be that seeds, 
when in small quantities, are acted 
upon to a greater extent by the grit 
than when in large amounts. 

The volume of hard material (grit 
and seeds together) within the stomach 
remains fairly constant which would 
ndicate that it is under control by the 
bird. Only in a few cases was grit found 


in the crops of the birds—an indication 
that the supply need not be constantly 
replaced but that it may be retained in 
the gizzard. It is possible also that the 
pressure created by the hard material 
on the walls of the gizzard may help in 
regulating the volume. 

In areas where only quartz grit is 
available, seeds might furnish the most 
readily-available supply of calcium. 
Grit may become relatively unavailable 
during the winter because of snow, and 
at this time the seeds would appear to 
be most important as substitutes. The 
fruits of Rosa, Prunus, and Cornus 
generally are not rendered unavailable 
by snow and provide a food supply, a 
grinding agent, and a source of min- 
erals. 

Our data indicate that specific food 
habits may influence grit substitution. 
Apparently this was true in the case of 
the Hungarian partridges that seemed 
to prefer cultivated grains (which were 
plentiful) and took very few hard seeds. 
Such seeds were available, as they were 
found in pheasants taken at the same 
time and place. However, the partridges 
showed no tendency, and the pheasants 
a well-defined tendency, for substi- 
tution. 

The single passerine bird studied 
showed some tendency toward the re- 
placement of grit by seeds. It is possible 
that other non-gallinaceous birds may 
share this trait at certain times of the 
year or under certain conditions. 

The tendency to substitute hard 
seeds for grit is of some practical sig- 
nificance in management. Generally 
upland game birds are not handicapped 
by a lack of grit, but in some regions, at 
certain seasons it is desirable to supply 
grit artificially. If a plentiful supply of 
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plants that furnish hard seeds were 
readily available, that measure might 
prove unnecessary. 


SUMMARY 


The bulk relations of grit and hard 
seeds were studied, using 323 specimens 
representing nine species of gallinaceous 
and one of passerine birds. 

Some seeds, because of their shape 
and hardness, are substituted for grit. 

The volume of grit is inversely pro- 
portional to that of hard seeds. 

Species in which hard-seed substitu- 
tion took place were: Blue Grouse 
(Dendragapus obscurus and D. fuligino- 
sus), Ruffed Grouse (Bonasa umbellus), 
Bob-white (Colinus virginianus), Cali- 
fornia Quail (Lophortyx californica), 
and Ring-necked Pheasant (Phasianus 
colchicus). Of this group, all but the 
California Quail showed substitution in 
degrees varying up to 100 per cent. 

No substitution for grit was found in 
the White-tailed Ptarmigan (Lagopus 
leucurus) and Hungarian Partridge 
(Perdix perdiz). 

Franklin’s Grouse (Canachites frank- 
lini) may substitute hard seeds for grit 
under certain conditions. 

One passerine bird, the Crow (Corvus 
brachyrhynchos), showed a tendency to- 
ward substitution. 

Hard seeds aid in the grinding of the 
food, and may also be a source of cal- 
cium. 

The availability of suitable seeds is a 
factor in substitution, but the food pref- 
erences of the bird also may be impor- 
tant. 
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AN ANALYSIS OF WATERFOWL HUNTING AT 
LAKE CARL BLACKWELL, PAYNE COUNTY, 
OKLAHOMA, FOR 1940 


F. M. Baumgartner 


History AND DESCRIPTION 
oF LAKE AREA 


In the fall of 1940, Lake Carl Black- 
well was opened to controlled water- 
fowl hunting under supervision of the 
Experiment Station of the Oklahoma 
Agricultural and Mechanical College. 
The College is operating the Lake Carl 
Blackwell Cooperative Land Use Pro- 
ject under a long-time agreement with 
the Soil Conservation Service of the 
U.S. Department of Agriculture. Water- 
fowl hunting was initiated as part of a 
broad recreational and research pro- 
gram that the College is developing on 
the area. 

This lake eight miles west of Still- 
water in Payne County, Oklahoma, 
was built in 1937 by the U. 8. Depart- 
ment of Agriculture. An earth dam was 
thrown across the Stillwater Creek val- 
ley to form an artificial reservoir which, 
when filled, will cover approximately 
3,300 acres. The lake bed consists 
chiefly of bottomland, which was for- 
merly in cultivation, or pastured wood- 
land. The soil is a mixture of fine sands, 
silts, and red and brown clays. The 
water is slightly alkaline and free of 
heavy silt except for short periods fol- 
lowing rains or strong winds. During 
the early part of the 1940 waterfowl 
season, the lake covered approximately 
1,050 surface acres. Heavy rains in late 
November raised the water level two 
feet and increased the acreage to about 
1,200. The lake is characterized by long, 
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winding arms, with extensive areas of 
shallow water bordering deep channels 
that were formerly the beds of inter- 
mittent streams tributary to Stillwater 
creek. Figure 1 shows the general char- 
acteristics of the lake topography. 

Lake Carl Blackwell is an important 
feeding and resting refuge for migratory 
wild fowl and other water birds that 
pass through north-central Oklahoma. 
The deep channels and shallow arms 
bordered by extensive mud flats furnish 
an ideal habitat for many types of aquat- 
ic animals and plants that serve as food 
for waterfowl. Natural foods are also 
furnished by the uplands surrounding 
the lake, which are protected from fires 
and grazing, and consist of a mixture of 
grasslands, weed patches, and timbered 
slopes and draws. Since the lake is only 
three years old and less than half full, 
aquatic and marginal vegetation is far 
from completely established. Neverthe- 
less, the writer estimated that at least 
1,000 to 5,000 waterfowl frequented the 
lake regularly throughout the fall of 
1940. Approximately 2,000 ducks spent 
the winter of 1940 on Lake Carl Black- 
well, and a few wood ducks have nested 
in drowned trees that are still standing 
in shallow water. 


HuntiInG REGULATIONS 
Following the recommendations of 
the U. S. Fish and Wildlife Service, the 
north half of the lake was maintained as 
a waterfowl sanctuary. The hunting 


3 
} 
by 
j 
2 
| 
ae 
‘ 
| 
| 
: 
\ 
icy 
Beton 


84 JouRNAL oF WILDLIFE MANAGEMENT, VoL. 6, No. 1, JANUARY 1942 


area was further restricted in order to 
protect the waters devoted to motor 
and sail boats. Figure 1 outlines the 
open and closed areas. A checking sta- 
tion was established at the caretaker’s 
headquarters and all hunters were re- 
quired to check in and out each day. 
Hunting permits were sold at the rate of 


LAKE CARL BLACKWELL 
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© Duck Blind Locations 


Checking Station For Duck Hunters 
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ference with the hunting of others. Boat 
hunters were required to stay at least 
200 yards from the shore. The checking 
station operator kept a careful record of 
the success of the various blinds and 
assigned the best sites to the early ap- 
plicants. No hunter was permitted to 
sign up for a specific blind for more than 


Fig. 1 


fifty cents a day. Two to four hunters 
could use one blind or boat without any 
additional charge, but a hunter who 
wished to occupy a blind alone was 
charged an additional fee of fifty cents. 
A siren announced the starting time at 
sunrise and the closing hour at 4:00 
p.M. All blinds were located approxi- 
mately 200 yards apart and hunters 
were required to remain in the vicinity 
of their assigned stations in order to 
prevent shooting accidents and inter- 


three consecutive days. At the end of 
the day’s hunt each hunter turned in his 
permit and his bag was recorded by the 
attendant. With the permission of the 
hunter, stomachs of the birds were also 
taken and preserved for food habits 
study. 


HuNTING PRESSURE AND SUCCESS 


The number of hunters on each day 
of the open season (Fig. 2) varied mark- 
edly but showed two definite is char- 
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trends. After the opening of the quail 
season on November 20, there was a 
decided drop in the sale of hunting per- 
mits, although slight recovery occurred 
during the last week of the season. Also 
greater hunting pressure on weekends 
was very noticeable. Saturday normally 
brought out many more hunters than 


average kill, however, was less than a 
third that reported from the Illinois 
River clubs by Hawkins and Bellrose 
(1939) and about half that obtained on 
the Bear River Marshes (Wilson, 1938). 

The weather during the hunting sea- 
son was generally normal without ex- 
treme of either temperatures or rainfall. 
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the week days, but the Sunday crowd 
was still larger. Since quail hunting is 
limited to Monday, Wednesday and 
Friday, this weekly trend was even 
more pronounced during the latter part 
of the season. 

In general the hunters were fairly 
successful. In 1,252 hunter’s days, 
2,086 waterfowl were killed, an average 
of 1.67 birds per hunter day. Experi- 
enced duck hunters took the daily limit 
of 10 birds on several days when hunt- 
ing conditions were most favorable. The 


Table 1 compares the temperature and 
rainfall for the fall and early winter of 
1940 with the mean for this period from 
1894 to 1934. 

The month of October was one of the 
warmest on record, and in all probabil- 
ity this unseasonably mild period had 
an unfavorable effect upon the success 
of the duck hunters. The lack of a nor- 
mal amount of rainfall in September, 
October, and early November lowered 
the lake level and lessened the extent of 
the shooting area. Heavy rains in late 
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November raised the water level ma- 
terially and improved the duck habitats 
near the blinds. The fact that rainfall 
occurred on more days than the long- 
time average should have favored the 
waterfowl hunters. On the other hand, 
rains made the roads to the blinds dan- 
gerous or practically impassable and 
this condition somewhat curtailed the 
sport. 

Although variables in the weather 
undoubtedly had a marked effect upon 


the frightened birds from coming to the 
decoys. Third, the high flying ducks 
plus heavy competition from other hun- 
ters encouraged “sky shooting” that 
invariably reduced the kill. 

There was no evidence that the con- 
trolled hunting was not satisfactory to 
the average hunter. The daily charge of 
fifty cents was considered very reason- 
able, judging from the comments of 
many sportsmen. Few violations of the 
blind regulations came to the attention 


TABLE 1 
WEATHER RECORDS FOR STILLWATER, OKLAHOMA! 


Mean temperature 


Total rainfall 


No. days that rainfall was 
at least .01 inches 


(Av. 1894-1934) 1940 (Av. 1894-1934) 1940 (Av. 1894-1934) 1940 
Sept. 73 .2°F. 71.2°F. 3.70 1.17 6 7 
Oct. 61.1 67.0 3.00 1.13 6 7 
Nov. 49.2 46.0 2.19 5.10 5 9 
Dec. 38.0 42.7 1.38 2.10 4 5 
Sept.—Dec. 55.4 56.7 10.27 9.50 


1 Data by B. F. Kiltz, 1935. An analysis of the weather records of the Oklahoma Agri. 
cultural Experiment Station and the United States Weather Bureau for Stillwater, Okla. 
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the numbers and movements of the 
birds, there was an even more decided 
correlation between the average kill and 
the number of hunters. As indicated by 
Figure 2, the hunting pressure was al- 
ways heaviest on Sunday, but without 
exception the average kill per hunter on 
that day was below that for the season. 
Three factors probably had a bearing 
upon this relationship. In the first place, 
only the blinds that were most advan- 
tageously located were occupied during 
the week whereas the Sunday crowd 
overflowed into less favorable sites. Sec- 
ond, the presence of hunters over the 
entire open area resulted in a more or 
less constant bombardment and kept 


of those in charge, and less than ten 
hunters failed to check out and make a 
report on their success. It is probable 
that in the majority, if not all, of these 
cases no ducks were bagged. The Col- 
lege was not in a position to rent boats 
for hunting purposes or for picking up 
dead and crippled birds and the lack of 
such equipment resulted in some con- 
plaints. Undoubtedly more ducks would 
have been bagged if hunters had pos- 
sessed means of retrieving those that 
fell in deep water. 


COMPOSITION OF THE KILL 


Table 2 records the composition of 
the waterfowl kill by species. With a 
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few marked exceptions the kill records 
are believed to express fairly accurately 
the numerical relationships of the 
waterfowl that occurred on the lake 


TABLE 2 


COMPOSITION OF THE 
WATERFOWL KILL 


Number Per cent 


Species 


87 


during the open season. Of ducks Goomn-cinged teal 549 26.3 
bagged in numbers greater than their Moline d pod gs 
proportion to the total population, the Ring-necked duck 204 9.8 
most conspicuous was the green-winged 
teal. Frequent counts indicated that the Redhead 96 4.6 
oveller 71 3.4 
numbers of this species did not make up tend 
more than 15% of the total waterfowl Lesser scaup duck 54 2.6 
population at any time during the sea- 
son and that the ratio was usually less American golden-eye 6 3 
: ack duc 5 .25 
than one in ten. The fact that one out 
of four ducks killed was a green-winged 3 
i i Buffle-head 2 
teal can be explained by their habit of gett : ‘ie 
flying low, and not staying over the 
open water, well away from the shore as Total 18 2,086 100 
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~J00 
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acteristic of the other dabbling ducks. 
The redhead and the ruddy duck also 
were bagged out of all proportion to 
their numbers. As with the green-winged 
teal, the generally unsuspicious nature 
and low-flying habits of these species 
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their habit of flying high over the water 
well away from the shore probably ex. 
plains their relatively infrequent occyr. 
rence in the hunters’ bags. Several 
flocks of some form of Canada geese and 
a few flocks of blue geese alighted on the 
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tended to make them easy marks for the 
hunters. 

On the other hand, the 20% kill of 
pintails was considerably below their 
actual percentage of the waterfowl pop- 
ulation. Duck counts indicated that 
until the middle of November, pintails 
made up at least one-half of the ducks; 
by the end of the season, though decid- 
edly outnumbered by mallards, they 
were still abundant. Their wariness and 


lake. However, the extremely limited 
number of geese that were killed (4 
Hutchins’ and 1 blue) was to be ex- 
pected because of the wariness of these 
birds. 

The composition of the kill varied 
markedly through the season. For ex- 
ample (Figure 3) the green-winged teal 
made up at least one-fourth of the bag 
during the first four weeks; but after 
November 17, its numbers fell off 
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sharply and it was an unimportant 
species throughout the last half of the 
season. The graph of the mallard kill 
takes the opposite trend, as these large 
ducks did not become important until 
the middle of November and held a high 
rank from that time on. In contrast to 
this marked change in seasonal status, 
the pintail furnished considerable 
shooting throughout the entire season. 
The blue-winged teal (Figure 4) ranked 
second in number among the ducks 
killed the first week but was negligible 
thereafter; the shoveller placed fairly 
high during the first five weeks but 
practically disappeared after that pe- 
riod; while the baldpate, like the pintail, 
was common at all times. 

In order to appraise the availability 
of the different species, a rating for the 
season was made by adding the figures 
expressing the rank for each week. For 
example the pintail was number one the 
first week, two the second, two the third 
four the fourth, two the fifth, two the 
sixth, three the seventh, two the eighth, 
and one the ninth week. The total of 
these weekly ranking was 19, giving it 
the leading position by a wide margin. 
In Table 3 are shown the rankings for 
all the species. The writer believes that 
this rating furnishes a better index to 
the comparative value of each species to 
the hunter than can be obtained by 
comparison of total numbers or per- 
centages killed during the entire season. 


ToraLt 


Some data were compiled on crip- 
pling losses. During ten typical hunting 
days, the writer observed 49 injured or 
dead birds, which were not recovered, 
to 47 bagged. This figure agrees fairly 
closely with that reported under similar 


hunting conditions in Iowa by Erring- 
ton and Bennett (1933); but is some- 
what higher than figures for the Illinois 
River obtained by Hawkins and Bell- 
rose (1939). On Lake Carl Blackwell the 


TABLE 3 


RANKING OF WATERFOWL BASED 
ON THE RELATIVE ABUNDANCE OF 
EACH SPECIES IN THE BAG 
FOR EACH WEEK 


Seasonal 
Ranking Species Rating? 
3. Pintail 19 
2. Green-winged teal 31 
3. Mallard 37 
4. Baldpate 39 
5. Gadwall 46 
6. Ring-necked duck 47 
Redhead 63 
8. Lesser scaup duck 65 
9. Shoveller 69 
10. Blue-winged teal 77 
11. Cinnamon teal 83 
12. Ruddy duck 84 
13. American golden-eye 92 
14. Black duck 93 
15. Hutchins’ goose 93 
16. Canvas-back 94 
17. Buffle-head 95 
18. Blue goose 96 


1 Relative importance to the hunter for 
entire season. 

2 The sum of the relative numerical posi- 
tion of each species for each of the nine 
weeks of the season. 


lack of boats to follow up crippled birds 
may have resulted in losses that were 
above normal. Nevertheless, it is the 
writer’s belief that the 50% crippling 
loss was due primarily to the combina- 
tion of shooting without effective decoys 
and a high percentage of hunters who 
had no experience in lake shooting. In 
addition to the 2,086 waterfowl brought 
to bag, probably an equal number were 
killed, directly or indirectly, but not re- 
covered, making the total kill of game 
ducks and geese approximately 4,200. 

The majority of the duck hunters did 
not bring in coots and mergansers; con- 
sequently, no record of the kill of these 
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species was kept. In the case of the coot 
it probably amounted to several hun- 
dred birds. The number of mergansers 
(American and hooded) was probably 
less than 50. 

A conservative average figure for the 
daily duck population of the lake is be- 
lieved to be 2,500 birds. The average 
daily kill was slightly less than 35 birds; 
a 50% crippling loss would raise this 
figure to 70. From these figures it is 
estimated that 2.8% of the ducks that 
stopped at the lake were killed by hunt- 
ers. This ratio is somewhat higher than 
the 2.3 ducks per 100 estimated for the 
Illinois River by Hawkins and Bellrose 
(1939), and Wilson (1938). As these 
writers have pointed out, the signifi- 
cance of such a kill ratio cannot be de- 
termined until data are available on the 
kill at other points along the migration 
routes. 


ADDITIONAL INFORMATION OBTAINED 
From Huntine 


The north half of the lake, which was 
closed to hunting, furnished feeding 
and resting grounds to thousands of 
waterfowl. No evidence was obtained to 
suggest that hunting materially deplet- 
ed or drove away the waterfowl using 
Lake Carl Blackwell. 

In order to obtain information on the 
food of ducks, 126 stomachs were col- 
lected during the season. Although de- 
tailed analyses of the stomach contents 
have not yet been made, preliminary 
examinations indicate that smartweeds 
(Polygonum), grain sorghums (Sor- 
ghum), naiads (Najas), pondweeds (Po- 
tamogeton), sedges (Cyperus), and acorns 
(Quercus), were important items in the 
diet of the waterfowl. 

From a financial point of view the 


controlled duck hunting was a success, 
As shown in Table 4, the revenue from 
hunting permits was $738 and the ex. 
penses for administration and labor 
totaled $538 giving a profit of $200, 


TABLE 4 


FINANCIAL STATEMENT OF WATER. 
FOWL HUNTING OPERATIONS 


Sale of Duck Hunting Permits... $738.00 
Expenses 
Salary of caretaker.. $200.00 
Labor and materials 
(constructing blinds 
and signs; patrol, 
276.00 
Transportation. .... 56.00 
Printing (permits)... 6.00 
$538.00 538.00 
SUMMARY 


Controlled waterfowl hunting at Lake 
Carl Blackwell, Payne County, Okla- 
homa was conducted by the Experi- 
ment Station of Oklahoma A. & M. 
College, Stillwater, during the 1940 
season. The information obtained from 
a complete record of the kill may be 
summarized as follows: 

(1) 2,081 ducks and 5 geese were 
bagged in 1,252 hunters’ days, a daily 
average of 1.67 birds per hunter. 

(2) Hunting pressure was _ heaviest 
during October and the first half of 
November; it declined sharply after the 
opening of the quail season on No- 
vember 20. 

(3) Overcrowding on Sundays ma- 
terially reduced the average daily kill. 

(4) Hunters were, in general, satis- 
fied with controlled hunting. 

(5) Sixteen species of game ducks 
and two species of geese were taken. Al- 
most 90% of the kill consisted of the 
green-winged teal, pintail, mallard, 
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ring-necked duck, baldpate, gadwall, 
and redhead. 

(6) With a few marked exceptions 
the kill records expressed fairly accu- 
rately the numerical relations of the 
waterfowl. 

(7) Listed in order of importance to 
the hunter over the entire season were 
the pintail, green-winged teal, mallard, 
baldpate, gadwall, and ring-necked 
duck; the others were of minor signifi- 
cance. 

(8) Data collected on crippling losses 
suggest that one duck was lost for every 
bird brought to bag. 

(9) The total mortality was esti- 
mated to be 2.8% of the waterfowl 
population of the lake. 

(10) Hunting did not prevent the 


closed half of the lake from satisfacto- 
rily functioning as a feeding and resting 
refuge for several thousand waterfowl 
throughout the season. 

(11) The controlled hunting was a 
financial success. 
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BRIEF CONTRIBUTIONS 


The Stomach Worm, Obeliscoides cuni- 
culi, in the Woodchuck.—The stomach 
worm of rabbits, Obeliscoides cuniculi 
(Graybill 1923), has been reported from 
domestic and wild rabbits in various 
parts of this country. Its life cycle was 
described by Alicata (1932). This para- 
site was found in the stomachs of five 
woodchucks (Marmota monaz) collected 
near Itasca Park, Minnesota, as well as 
in one woodchuck from Carver County, 
Minnesota. The number per host ani- 
mal varied from 6 to 128. The identifi- 
cation of these worms as Obeliscoides 
cuniculi, which we have found in snow- 
shoe hares in the same locality, is sup- 
ported by the experimental infection of 
a rabbit with larvae obtained from a 
woodchuck. 

The colon contents of a woodchuck, 
containing ova of the stomach worm, 
were mixed with charcoal and kept at 
room temperature with water added 
frequently enough to prevent drying. 
After eleven days’ incubation the mix- 
ture was put in a Baermann funnel and 
the larvae were isolated. A young labo- 
ratory-reared rabbit and a guinea pig 
were each fed more than 150 larvae by 
stomach tube. After 31 days both ani- 
mals were autopsied. No parasites were 
found in the guinea pig but fourteen 
mature Obeliscoides cuniculi were 
found in the stomach of the rabbit. 

Twichell (1939) reported light infec- 
tions with this parasite in 2 of 19 wood- 
chucks examined in Missouri. The 100 
per cent incidence of the stomach worm 
in the six woodchucks recorded here, as 
well as the heavy infections of some of 
them indicate that at least in the Itasca 
region the woodchuck is an important 


92 


host of this parasite of domestic and 
wild rabbits —F. G. Uni- 
versity of Minnesota, Minneapolis, 
Minnesota. 
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Nothing New.—Probably the true in- 
plication of the familiar saying includ- 
ing these words is that knowledge | 
develops. It does not, as a rule, spring 
suddenly into perfection, but proceeds 
through phases, later, deriving from 
earlier, states. Certain results from 
“book-worming” last summer that re- 
newed this reflection in the writer's 
mind may be of interest to the wildlife 
group. 

For example, the pointed apices of 
the primaries in the European partridge 
were described and illustrated in the 
following works: 

ARNOLD, FRIEDRICH 
1897. Die Végel Europas, pp. 31/7, 
318. 
Bureau, Louis 
1911. La perdrix grise. Bul. Soe. 
Sci. Nat. Ouest France (Nantes) 
3(1), 124 pp., 35 figs. 


The latter author also pointed out that 
the order of molting of the primaries 
an indicator of age. 
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Destruction by mowers of European 
quails introduced into Maine was re- 
corded by Everett Smith in 1883 (For- 
est & Stream, 20 (3), February, p. 45). 
He adds, “I feel confident . . . that the 
migratory quails can be permanently 
added to the avi-fauna of North Amer- 
ica.” 

Controversy as to the nature of the 
drumming of the ruffed grouse having 
persisted until times within the memory 
of most of us, it is interesting to note 
the following correct description in 
John Latham’s, ‘‘A General Synopsis of 
Birds,” 1783: ‘‘Major Davies informs, 
that the male . . . begins the flapping at 
first very slow, and increasing by de- 
grees till he arrives at a stupendous 
velocity” (2(2), p. 739). 

Hybridization among game birds, 
propagated under restraint, was noted 
long ago, and probably earlier even 
than the instances here cited. The tur- 
key-pheasant was described ‘and illus- 
trated by George Edwards in his 
“Gleanings of Natural History” 1764 
(Pt. 3, pp. 267-269, pl. 337). The pheas- 
ant-chicken hybrid was well enough 
known to have names in French (coc- 
quar, faisan batard) and German 
(Faisan-hunern). Buffon (Hist. nat. 
oiseaux, 2, 1772, p. 374) quotes Frisch 
as stating that many of these hybrids 
were raised in Germany because of their 
excellence for food. 

If any department of wildlife investi- 
gation may be thought of as character- 
istically modern, it is the study of 
diseases, yet in falconry, a hobby that 
was ridden to the limit in its heydey, 
meticulous attention was given to ail- 
ments of the hunting birds. As an indi- 
cation of what was written on the sub- 
ject may be cited Conrad Gesner’s ac- 


count of the maladies of a single species, 
the goshawk, and their treatment, 
which occupies 7 quarto pages in his 
work “Historiae animalium” (Second 
Edition, 1617). The heading to this 
section reads, in translation, ‘“Remedy 
for various accipitrine diseases, whether 
common to the whole body or peculiar 
to a single part, from head to foot.” 

Opportunity to examine the older 
literature of science comes to but few, 
so to be on the safe side, it is the best as 
well as the most gracious course to 
avoid making claims of originality, 
especially as to being first in a given 
field. No one can tell what the old tomes 
in dusty libraries might yield if we took 
the time to search them well.—W. L. 
McAtTexs, U. S. Fish and Wildlife Ser- 
vice, Washington, D. C. 


A New Technique for Marking Fox 
Squirrels.—Research on mammals, in- 
volving population, life-history, and 
range studies, is often handicapped 
through the lack of a reliable means of 
distinguishing individuals. For that 
reason the improvement of marking and 
other field techniques has been a point 
of emphasis in management studies on 
farm wildlife at the Rose Lake Wildlife 
Experiment Station in Clinton County, 
Michigan. As one result an improved 
method has been developed for tagging 
fox squirrels. 

In studies on the fox squirrel, ear- 
tagging and toe-clipping have been the 
principal methods used (Allen, 1940, 
Baumgartner, 1940). However, certain 
objections to both of these systems of 
marking have been evident. 

Ear-tags have been found to be un- 
reliable, as some degree of infection and 
irritation accompanies their use in prac- 
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tically every case, the tags being even- 
tually torn loose or sloughed out. The 
resultant loss of identity is particularly 
important when it affects an animal 
whose trapping record is becoming full 
enough to be significant. 

Toe-clipping, while it serves to mark 
an individual, is objectionable in that 
it is not a type of marking likely to 
be recognized by hunters. Arboreal spe- 
cies also may be handicapped by the 
removal of one or more toes. The value 
of predation records is often increased if 
individual identification of prey can be 
made, but animals marked by toe-slip- 
ping often cannot be recognized. 

The ringing technique as described 
by Chitty (1937) for small mammals 
was found to be unsatisfactory for the 
fox squirrel. Even with extreme care, 
leg bands, applied loosely, either slipped 
off, or in a short time produced severe 
swelling. The slitting, tattooing, and 
branding of foot pads, using a numerical 
system, also proved impractical since 
rapid healing failed to leave noticeable 
scars. 

The following method of marking fox 
squirrels has proved to be more satis- 
factory than any other previously avail- 
able. Although marking by this means 
has been tried only on the fox squirrel, 
the technique would appear to be ap- 
plicable to other mammals. 

For toe-tagging fox squirrels, num- 
bered fingerling tags (Style No. 1005 of 
the National Band and Tag Co., New- 
port, Kentucky) have been most satis- 
factory. The tag is first applied as 


tightly as possible to the basal joint of 
the outer toe of a hind foot (PI. 7), It 
can then be adjusted by rounding jt 
slightly to insure a comfortable fit, If 
properly applied, the tag will be loose 
enough to turn freely on the toe with. 
out slipping over the knuckle joint, 4 
tag loose enough to slip over the 
knuckle is still held on the toe by the 
large toepads, but it is advisable that 
the ring be so applied as to be held in 
place by the uppermost knuckle. It is 
our experience that squirrels pay no 
attention to the rings, and no attempts 
are made to gnaw on them when prop- 
erly fitted. 

Bird bands (No. 3 size) have also 
been successfully used when reduced to 
about half the standard width and the 
inner edges rounded. These are more 
difficult to apply, however, and are no 
more effective.—J. P. LinpusKa, Game 
Division, Department of Conservation, 
Lansing, Michigan. 
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Professor Myron H. Swenk, Chair- 
men of the Department of Entomology 
of the University of Nebraska, died 
at his home in Lincoln on July 17, 
1941, at the age of 57 years. He was 
born at Polo (Ogle County), Illinois, 
August 8, 1883, but most of his boy- 
hood was spent in Gage County, 
Nebraska. He was an alumnus of the 
University of Nebraska, having re- 
ceived his A. B. degree there in 1907, 
and his M. A. degree in 1908. From 
1904 to the time of his death Prof. 
Swenk’s life was identified with that 
of the Department of Entomology of 
the University. In 1919 he became 
Chairman of the Department and 
Entomologist of the Agricultural Ex- 
periment Station and served in that 
capacity until July, 1941, when ill 
health made it impossible for him to 
perform the duties of that office. 

Prof. Swenk was married on April 
1918, to Miss Jane Chandler 
Bishop of Lincoln, Nebraska, who 
survives him. Other surviving relatives 
are his father, Howard Swenk, and a 
sister, Iva, both of Lincoln. 

Prof. Swenk attained eminence both 
in research and teaching in two zo- 
ological fields, entomology and ornithol- 
ogy. Within these subjects his interests 
involved a wide range of endeavor 
with special emphasis on economic 
entomology, taxonomy of the Apoidea 
and Diptera, pollination of plants by 
insects, and the systematic distribution 
of North American mammals and 
birds, particularly those of the Missouri 
Valley region. He was author of ap- 
proximately 154 (a complete list since 
1936 not yet compiled) separate publi- 
cations of which 54 were concerned 
with economic entomology; 23, system- 


atic entomology; 12, mammalogy; and 
65 with ornithology. In 1938 he began 
a series of papers under the title 
“Missouri Valley Fauna” supported by 
his own funds. Four articles were 
published in this series and others 
were in preparation at the time of his 
death. 

As Chairman of the Department of 
Entomology in a State where agri- 
culture is of first importance, Prof. 
Swenk was vitally concerned with 
problems in economic entomology. 
Since the days of the first settlers, 
grasshopper depredations have been a 
problem of immense economic impor- 
tance in Nebraska and from the early 
part of the present century until his 
death Prof. Swenk was directly con- 
cerned with their control, both from 
the standpoint of research and actual 
field operations. He was instrumental 
in obtaining Federal aid for controlling 
grasshoppers and chinch bugs during 
the early 1930’s at a time when the 
harmful effects of these pests, as well 
as of drouth, were particularly serious 
in Nebraska, and when many of the 
farmers were financially unable to 
protect their crops. 

In addition to work within his own 
profession Prof. Swenk always willingly 
gave of his time and efforts for the 
good of the University as a whole, 
being especially concerned with the 
maintenance of high scholastic stand- 
ards. He was deeply interested in, and 
continuously associated with, the work 
of the Graduate College and was 
Chairman of the Committee on Gradu- 
ate Work from 1912 to 1938. He was 
also an active and influential member 
of various committees concerned with 
the administration of University affairs. 
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Prof. Swenk’s interest in ornithology 
was second only to that in entomology. 
For 29 years he was secretary-treasurer 
of the Nebraska Ornithologists’ Union 
and also served as president of that 
organization for a year, and for a 
similar period as president of the 
Wilson Ornithological Club. For a 
number of years he was editor of the 
“Proceedings of the Nebraska Ornithol- 
ogists’ Union’’, and he edited the “Ne- 
braska Bird Review” since 1933. With 
L. Bruner and R. H. Wolcott he was 
editor of “Birds of Nebraska,” and 
also was the author of a paper on the 
“Mammals of Nebraska.” 

Prof. Swenk was a member of Sigma 
Xi, having been president of the 
Nebraska chapter in 1928-29, Gamma 
Sigma Delta, Alpha Zeta, and Phi 
Sigma. He was a fellow of the American 
Association for the Advancement of 
Science, and a member of The Wildlife 
Society, the American Association of 
Economic Entomologists, Entomologi- 
cal Society of America, American 


Ornithologists’ Union, Nebraska Acad- 
emy of Science, Philadelphia Academy 
of Natural Sciences, Nebraska Wildlife 
Federation, and American Society of 
Mammalogists. His name was included 
in ““Who’s Who in America.” 

Through his death Nebraska lost 
an outstanding citizen who had given 
the greater part of his life to the de 
velopment of the University and the 
advancement of his profession. The 
high regard in which he was held ig 
expressed in the following statement 
by his associates: “His accomplish- 
ment in both published research and in 
teaching in a relatively short career ig 
a monument of the most enduring 
kind.” As a teacher and a scientist, 
Prof. Swenk was characterized by 
keen critical faculties, excellent literary 
ability, thoroughness, and _ untiring 
industry. In addition he will be re 
membered by those who knew him 
intimately as a gentleman, and as a 
friend who cannot be replaced.—H. 
Douglas Tate 


REVIEW 


A Guide to the Fishes of the Great Lakes 
and Tributary Waters. Carl L. 
Hubbs and Karl F. Lagler. 100 
pages, 1 map, 100 halftone illustra- 
tions of fishes, and 33 line cuts of 
anatomical details. Cranbrook In- 
stitute of Science, Bloomfield Hills, 
Michigan. 1941. In cloth $1.00; in 
paper 50 cents. 


This work consists about equally of 
keys with instructions as to their use, 
and paragraphs outlining the distribu- 
tion, and otherwise commenting on the 
229 forms of fishes recognized from the 
Great Lakes drainage basin. There is 
an 8-page bibliography and an index. 
The book is well and attractively made 


and thoroughly illustrated. The only 
critical suggestion the reviewer has to 
make is that indications of actual 
lengths of the specimens, or perhaps of 
mature individuals of the species, would 
have been useful in connection with the 
photographic illustrations, which re 
gardless of the size of the fishes are all 
reproduced in approximately the same 
length. How much more helpful this 
amply illustrated book must be than 
the totally unillustrated Jordan’s Man- 
ual upon which the reviewer cut his 
teeth in ichthyology. A work in the 
same style covering the territory of 
Jordan’s classic is greatly to be desired. 
—W. L. McATEE. 
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